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The Defense Metals Information Center was established at Battelle Memorial Institute at
the request of the Office of the Director of Defense Research and Engineering to provide Govern~
ment contractors and their suppliers technical assistance and information on titanium, beryllium,
magnesium, aluminum, high«strength steels, refractory metals, high-strength alloys for high-
temperature service, and corrosion- and oxidation-resistant coatings. Its functions, under the
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the Office of the Director of Defense Research and Engineering, are as follows:

To collect, store, and disseminate technical information on the current
status of research and development of the above materials,

. To supplement established Service activities in providing technical ad-

viscry services to producers, melters, and fabricators of the above
materials, and to designers and fabricators of military equipment con-
taining these materials.

To assist the Government agencies and their contractors in developing
technical data required for preparation of specifications for the above
materials.

On assignment, to conduct surveys, or laboratory research investiga~
tions, mainly of a short-range nature, as ~equired, to ascertain causes
of troubles encountered by fabricators, or to filt minor gaps in estab-
lished research programs,

Contract No, AF 33(615)-3408
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Director
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Notices

When Government drawings, specifications, or other data are used for any purpose other than in
connection with a definitely related Goverament procurement operation, the United States Government
thereby incurs no responsibility aor any obligation wha:soever; and the fact that the Government may

have formulated,

furnished, or in any way supplied the sald drawings, specifications, or other data, is

not to be regarded by implication or otherwise as in any manner licensing the holder or any other person
or corporation, or conveying any righte or permission to manufacture, use, or sell any patented inven~
tion that may in any way be related thereto,

Qualified requesters may obtain copies of this report from the Defense Documentation Center {DDC),
Cameron Station, Bldg, 5, 5010 Duke Street, Alexundria, Virginia, 22314, The distribution of this re-
port is limited because the report contains technology identifiable with items on the strategic embargo
lists excluded from export or re-export under U, S, Export Control Act of 1949 (63 STAT, 7}, as amended

(50 U,S8.C. App,

2020,2031), as implemented by AFR 400-10.

Copies of this report should not be returned to the Research and Technology Division, Wright-
Patterson Air Force Base, Ohio, unless return is required by security considerations, contractual ob~
ligations, or notice on a specific document,
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NICKEL BASE ALLOYS

ALLOY 718

H. J. Wagner, R. S. Burms, T. E. Carroll, and R. C. Simon*

ABSTRACT

The DMTC Handbook on Alloy 7i8 is a compilation of available data
and information covering the metallurgy, manufacturing, applications, and
mechanical properties of this nickel-base heat-resistant alloy. Much of the
textual matter has been condensed from reports and literature received from
brth the producers and the users of this alloy and covers subjects such as
melting, foraing, welding, metallography, and others of interest to the user.
Mechanical preperties are presented for each of the product forms and con-
ditions in which this alloy is used and both original and digested data are
included for tensile, fatigue, creep-rupture, and other propertiés.

*Mr. Wagner is Chief of the Specialty Alloys Division; Messrs. Burns and
Carroll are Information Specialists, and Mr. Simon is an Information
Analvst, in the Information Operations Division, Battelle Cclumbus
Laboratories, Columbus, Ghio.
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INTRODUCTION

Allov 718 is a wrought nickel-base ailoy which was initially
intended for usc up to about 1300 F. [t differs from the 1500 to 1800 F
nickel aliovs in that (1) columbium is substituted for much of the
aluminum and titanium and (2) 19 percent iron is substi.uted for most of
the molvbuenum and all of the cobalt. The effect of these differences is
to reduce the high-temperature strength with a corresponding increase in
weeldability.

A variety of heat treatments and compositional variations have
been used to achicve specific optimum properties such as:

Short-time high-temperaturc tensile strength
Stress-rupture strength

Notch tensile strength

Fatigue strength

Weldability.

U1 da (1o —

In adcition, it was discovered that, when properly processed,
Alloy 718 has uaseful cryogenic properties down to -423 F.

Variations in heat treatment and composition and other physical-
metallurgy details of Alluy 718 are fully discussed in DMIC Report 217 by
Wagner and Hall.

Since DMIC issued Report 217, a considerable quantity of property

data on Alloy 718 have been extracted and tabulated. The primary purpose of
Much

this handbook is to make these data available for general dissemination.
of the informaticn on phvsical metailurgy was taken from R;port 217, and
condensed and repackaged to fit the Handbook format.
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MELTING

Alloy 718 is usually vacuum melted., Pro-
cedures employed include (a) induction melting in
air followed by consumable-electrode vacuum-arc
remelting, or (b) vacuum-induction melting (some-
times followed by consumable-electrode or vaculs-
induction remeiting). Vacuum melting prevents un-
controlled losses of easily oxidized elements such
as Ti and Al and removes gaseous impurities,
thereby permitting ~tricter control of fina! com-
position. All of these fac.ors result in more con-
sistent properties than can be obtained by air
melting., Consistently better 100-hour creep-
rupture strength is usually obtained over thi
entire temperature range of importance by employing
vacuum melzing techniques.

Consumable-electrode vacuum-arc melting
volatilizes impurities and slso breaks down and
disperses nonmetallic inclusions. Segregation
and unsoundness at the center of the ingot are
reduced, resulting in improved not-working char-
scteristics, particulsrly when vacuum-induction-
melted ingots are employed as electrodes for re-
selting by the consumsble-electrode vacuum-arc pro-
cess.

Ref: * 62553, 66882
CASTING

Although Alloy 718 {s used primarily in
wrought forms, the alloy is also used in the form
of castings. The compogitior is the same as thst
of the wrought alloy, and the alloy is usually
vacuum melted, Jts weldsbility makes it useful in
the construction of cast assemblies such as jet-
engine frames.

Alloy 718 is one of a number of super-
alloys for which precision casting methods are
currently under study. The objective of an Air
Force-sponsored program at the American Brake
Shoe Company is to precision cast & full-scale
jet-engine turbine disc and s full-scale sircraft
fin beam.

Ref: 62553, 66882, 67431, Preliminary information
reported by American Brake Shoe Company,
Mghwah, New Jersey, under an Air Force
Contract,

-

METALWORKING

Alloy 718 is worked in much the same
manner as other wrought nickel-base alloys. The
following sections, covering forging, rolling,
extrusion, and form-rolling sre generally appli-
cable to all wrought nickel-base alloys.

*References are 1isted in the Appendix.

Defense Metsais Information Center - Battelle Memoria! Institute - Columbus., Ohio 43301

Forging

Nickel-base alloys are more difficult to
forge than are steels. They require more care
during initial breskdown (because of lesser ductil-
ity), they require higher pressures (up to twice
those for steels), and their hct-working temner-
ature range is narrower than that for steels. In
addition, nickel-base alloys sre damaged by con-
tamination with sulfur.

As for other difficult-to-forge maturisls,
the initisl forging operations on nickel-base alloys
are made up of light reductions and frequent re-
heating. This precaution is required until the
cosrse, as-cast grain structure has been broken up
and the alloy gains somo degree of touchness. Sub-
sequent working permits the use of greater pres-
sures and greater reduction between reheats.

Control of forging temperature is very
important. The upper end of the forging range,
around 2200 F, {s limited by Incipient melting
("hot-shortness’”) sbove this temperaturc. The
lower end, around 1600 F, i~ just above the temper-
ature range at which precipitation hardening occurs.
During inftial forging, the temperature should be
maintsined in the upper portion of the 1600-2200 F
range to avoid cracking of the Ingot, and frequent
reheating is required. After the as-cast structure
has been broken up, the workpiece temperature may
be sllowed to drop to 1600 F before rcheating. The
finish temperature for the last forging pass should
be near the lower end of the forging range. During
the intermediate stages of forging, reductions be-
twveen heats should exceed 10 percent, in order to
produce & fine wrought structure, The reduction
following the last reheat should range betwcen about
15 and 30 percent. Finishing at too low a temper-
sture or with too little reduction leads to undesir-
able grain growth during subsequent heat-treating

operstions.

Nickel-base alloys sre damaged by con-
tamination with sulfur. Some furnaces contain
sulfur-rich scale from previous heating cycles or
use reducing stwospheres with enough sulfur to be
hareful, The rocommended practice is to support
the billet or prefors on clean brick or a plate of
8 heat-resistant alloy and to use natural gases or
low-sulfur oils as furnace fucls, Slightly ~xidiz-
ing conditions are recommcnded to reduce sulfur
pickup from furnace atmospheres.

During forging of nickel-base alloys, a
lubricant i3 necessary between the part and die
to reduce their naturs] tendency to seize and gall.
Typically with steels, the natural oxide formed
upon hesting serves as a parting sgent; however,
with the oxidation-resistant nickel-base alloys, s
parting agent must be Introduced mechanically,
Lubricants and parting sgents contalining sulfur are

o SR
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undesirable. The most commonly used lubricants are
mixtures of graphite and oil. Other materials that
have been used with varying degrees of success are
glass, mica, sawdust, end asbestos., These materi-
als also help to minimize the chilling effec* of
cold dies.

Rolling

The starting billets for hot rolling
irclude forged slabs for £1st products and forged
rounds, squares, and octagons for rods, bars,
and shapes., These billets require careful surface
conditioning (grinding or machining) before the
start of rolling and frequently betweer rolling
passes to minimize the initiation and ;rowth of
surface flaws.

Plate down to 3/8-inch thick is ususlly hot
rolled on three-high hand mills. In the caxly
stages, cross rolling may be utilized to obtsin the
desired «idth and to reduce directionality in the
finishc) product. Plste intended for reroliing
is tncn pickled and shot hllstcd to produce a
clean surface.

Rolling of sheet down to sbout 0.045-inch
thickness is done either hot or coid on two-high
mills. Further reduction is done cold. Cold
rolling enhances the mechanical pilperties, im-
proves surface finish, and permits cluser control
of sheet thickness., Siives down to 0.0C8 or 0,010~
inch chickness, witn widths up to 36 inches, are
rolled cold on s Sendzimir mill.

Typical fabrication schedules for the pro-
duction of hot-finished bar and rod products in-
volve hot rolling of forged bars to 2-1/4-inch
gothics on s 24-inch mill, followed by surface
conditioning and further hot rolling on a 10-inch
nill, down to 5/16-inch rod. Rod intended for
latcr cold drawing into wire is usually coiled at
this size.

Hot-rolled sheet and plate sre generally
heat treated after rolling, then descaled in a hot
caustic bath. After being descaled, they are
pickled in s hot, strong acid to provide a smooth,
bright finish., Plate is flattened by roller level-
ing, then sheared to finish size. Sheet products
are stretch-straightened before being cut to size.
Hot-finished bar products tre generally centerless
ground after heat tresting and straightening. Cold-
drawing stock is hest-treated, descaled, and pickled.

Extrusion

Hot extrusion {s employed for the production
of long sections from machine-turned ingots or
forgings, All extruders employ the Sejournet glass
process, using procedures similar to those developed
for extruding steel. Besldes providing effective

lubrication, glass serves as an insulator between
the tools und the hot billet during extrusion.
Excessive overheating of tools does not occur,
tool 1ife is increased, and die costs are reduced.

The key to the successful extrusion of
nickel-base zlloys is accurate, close contro¢ of
hot-working temperature. Thus, transfer times
between the furnace and the extrusion press must
be minimized to avoid heat lozs. Also, the speed
of extrusion must he controlled so that overheating
does not result from the heat of deformation that
is generated during extrusion.

Whenever possible, the extruded product is
quenched after extrusion to remove any adhering
glass. Some untwisting or straightening may be
required. The extrusion process has been used
extensively in the production of seamless tubinyg
from nickel-base alloys. Simple shapes, such as
engine rings, have been extruded from a variety of
nickel-base alloys.

¥ork is currently being done by TRNW Inc.,
to develop s technology for the ertrusion of super-
alloys to stru~tural shapes; Alloy 718 is included
among the materials being rtudied. The program is
designed to define the process limits for the ex-
trusion of superslloy shapes from csst ingots and
to providz an economic appraisal of the process
developed. A ring flange used in the outer-motor-
case combustion section of a jet engine was selected

.. 88 the part for the extrusion-process development.

62551, 66882, Preliminary information report-
ed by TR¥, Inc., Cleveland. Ohio, under an
Afr Force Centract

Ref:

Cold Drawing

Nickel-base slloys can be cold drawn into
rod, wire, and tubular products. The starting pro-
ducts for the above are annesled, descaled, and
pickled bars, rods, and extruded tube hollows.

The larger sizes sre finished on a standard
drawbench. Smaller sizcs of rod and large-diameter
wire are drswn on revolving bull blocks. Very fine
wire, down to 0.001-inch diameter, is produced on
high-speed, multiple-die drawing machines, using
diamond dies submerged in oil.

A variety of lubricants are utilized in
drawing. During early stages, l2ad and copper
coatings sare also used frequently.

In wire drawing, reductions as high as 4C
percent can be taken before intermediate annealing
is required. To prevent scaling, the wire is
annesled in s “brigh?” annealing furnace, utilizing
an atmosphere of cracked smaoais and hydrogen.

Defenss Metals information Center - Battelle Mamorial institute - Columbus, Ohio 4321




Form Rolling

Engeliard Industries is presently engaged
in a prozram to develop and prove economical manu-
facturing techniques for form-rolling closc-

tolerance shapes from superalioys. Alloy 718 is onc

of the alloye« being studied. Clonfigurations in
which these alioys are being formed include E, T,
and L secctions.

Ref: 66075, Preliminary fnformation reported by
Engelhard Industries, Inc., Attleboro,
Massachusetts, under an Alr Force Contract,

METALLOGRAPHY

Sample Nreparstior

The preparation of somples for metallo-
graphic examination follows standerd techniques.
For ms.roexamiration, grinding on & surface grinder
or cosrse cmery bclt is usually adequate. Etching
involves immersion in, or flooding with, Lepitu’s
etchant or hydrochloric acid-peroxide etchant
(soe below). Macroetching is sccelerated by pre-
neating the sample in hot water Lefors etching.

Freparation for microzxsminasion requires
cureful polishing with progressively finer grits,
usual!y with fins) polishing on s microcloth- or
duracloth-coversd whoel using a water suspension
of gamma alumins. After the polishing, the

surface is etched electrolytically with chromic acid

for grzin-boundary exsmination.

I-3

Microstructure

The microstructurs of Alloy 718 is quite
complex and is influenced kighly by hz2at treatment
and compusition.

Two festurus of the as-cast structure can

“be retained in the wrought alloy, and -k, huooe

a strong influence on the resulting mcfhanxcul nro-
perties. The typlcal dendritic structure of the
-as-cant ingot can be broken up through p.oper hot
working. A Lavas phase appears to be related to
alloy composition. It has been identified with
the appearance of “freckles” in the as-wrought
matrix and is found to be derrimental to vield
strength snd ductility. The Laves phasc is
jsomorphous with Fe,Ti.

The matrix of wrought Alloy 718 is & facc-
centered cubic structure. Twe rhases are subjent
to precipitation during aging, dependent on the
aging temperature and time. The preferrcd pre-
cipitate, called "gamma prime’”, is formed on aginy
at 1300 to 1400 F, This phase is a metastablc
body-centered tetragonal (Ni,V) structure corre-
sponding to Nis(Cb, Mo, Al, ‘f Overaging, or
aging at higher temperatures, cnuns the trans-
formition of this phase to a more stahle ortho-
rhoabic (Ni4Cb} phase.

The optimum precipitation of the preferred
gamma-prime constituent is accomplished bv aging
for a sort time (8 to 10 hours) at 1300 to 1400 r,
followed %y subsequent aging at lower temperaturcs,

Ref: 64273
Etching
Etchant Composition(s) Remarks
Lepito's 15 grams (m SO, in 75 m1 H Etching time 30-120 seconds.
250 grams Fa.l n 100 m1 | Macroetch for gencral sur-
Hix and add 30 -l HNOg face condition and weld
. structure.
Peroside- ll 2 v m* -= ] part Must be freshly mixed. Use
Hydrochloric 2 parts hot water %o sneed reaclion.
uzo 3 parts Any stains formed may be re-
moved with 50% }NO;. Macro-
etch for muling grain
structure.
Chromic scid Cr0y -- S grams Electrolytic microetch for
H0 100 =1 grain boundaries. Use 0.2

to 0.5 smp/sq om cunient for
15 to 30 scconds. ‘Make speci-
wen anode with o platinum or
Inconel 600 cathode.

(a) Use concentrated scids.

Defennn Metaln Inf srmption Centar « Battalinn Memorinl Inatmots o Cotoarmbyge Cae A7 o
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That is, to obtain maximum stre-gthening it is
necessary to precipitate as much gamma prime as
possible with.it transforming to the orthorhombic
NisCb phase  Thus, doh'~ aging is required.

The individual gamma-prime particles are
disc-shaned and lle on the {100} planes of the
matrix, with their coaxes nerpendicular to these
planes. Tke following lattice constants are re-
ported for the gamma-prime phase, for material aged
at 1400 F for 10 hours, furnace cooled to 1200 F,
and aged an additional § hours:

a, - 3.624 Angstrom units
€o - 7.406 Angstrom units

Ref: 61368

CORROSION

Alloy 718 was ccnsidered a candidate ma-
terial for an application involving piping of hot,
fiowing, nitrogen tetroxide (Ny0;)}. Tests by the
Aerojet-General Corporation determined that Alloy
718 showed no general corrosion in the presence of
NoD4s however, the material did show an inter-
granular corrosion attack, as illustrated by
vhotomicrographs in Aerojet-General Report No.

DYR 64-365.

Ref: DMIC 59644

STRESS CORRJSION

Allov 718 (aged) specimens were subjected to
a series of tests to determine their susceptibility
to stress corrosion. Results showed that this alloy
w2s immune to stress corrosion when under the
following testing conditions:

(1) Alternate imuersion (1000-hr duration)
at 90 percent TYS in synthetic sea-
water

(2) Salt spray (5 percent concentrition,
1000-hr duration) at 90 percent IYS of
unnotched specimens

{3) Alternate immersion (500-hr duration)
ih svathetic seawater at 30 percent of
notched tensile strength of precrached
specimens that had been hraze-covcele
hevt treated, thea volded (precrach
located in center of weld, acrmal oo
irplied load).

Ret: ©MC 37117

ook
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Base Material:

Nickel I-4
Metal or ARY: 110y 718
Suhieci: Metallurgy

PHYSICAL METALLURGY
Strengthening Mechanism

The crystallographic nature of the gamma-
prime constituent and its role in strengthening
Alloy 718 have heen studied recently by Cometto.
The following summarizes his findings.

Gamma prime, as its name implies, is
similar in many ways to the face-centered cubic
(gamma) matrix from which it forms. The only
difference, in fact, is that gamma prime more
nearly approaches the stoichiometri~ ratio AzB,
resulting in orderirg of the atomic positions
and a slight distortion of the lattice.

The A;B-type intermetallic compounds can
be classified according to the way the atoms are
ordered. The type A layers can occur in four
different stacking sequences, and Type B layers in
two different stacking sequences, giving six dif-
ferent types of crystal structure or families of
compounds. Table 1 shows these compound types and
the corresponding nickel intermetallic compounds.
It was found that Alloy 718 precipitates a metastable
gamma-prime phase based on the NizCt composition,
bu: with a body-centered tetragonal NizV structure.

Table 1. Stacking Arrangements in Close-Packed
Ordered A3zB Structures

Structure Nickel Layer Stacking
Type Compound Type Sequence

CuzAu NizAl A abcabc ...

NigTi ~izTi A abacabac ...

Cd3Mg -~ A abadb ...

AlsPu -- A abcacbabcach ...

CuzTi NizCb B abab* ...

AlLTi NizVv B abcdef* ...

*Neglects sligh* distortion.

The atoms of the Ni. Al and Ni,V compounds
occupy cssentially the same™iattice sites as the
atoms in the gamma solid solution. On the other
hand, compounds such as NiSTi (hexagonal structure)
and Ni3Cb (orthorhambic Cu3Ti structure) require a
complute rearrannement o atom sites as well as
composition changes in order to precipitate from
a face-centered cubic matrix.

Conmctto's analvsis has <hed considerahle
light on the gamma-prime strengthening mechanisn
in Allov T18. It can be used to explain why the
double-aging treatment results in highe- strength
than the single aging. Apparcntly, to pet maxinunm
strengtheniag, it is Recessery to nrecipitate as
much gamPa princ as possihle, withonut overaging:
that is, . hout transforming frem tne bodv-centerad
tetragona! cama »ridse to the orthorhemhic Ni:Cb.
High te=roraturcs and long times faver the latter.

Lo #
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MACHINING

Machining of Alloy 718 can be accomplished
readily in sither the annealed on age-hardened
concition. The alloy will give e slightly longer
tool life in the annesled condition. Better chip
action on bresker tools and a better finish can be
:I;t:inod when the alloy is in the age-hardened con-

tion,.

Table 1 lists the recommended speads for
sachining the alloy with high-speed-stesl tools.
Table 2 presents typical lathe-turning tool di-
sensions. In general, the tooling and pro-
cedures used in machining Alloy 718 sre similar to
those used for Inconel X-750.

The Air Force Machinability Data Center,
located at Metcut Research Associates, Cincinnati,
Ohio, can be contacted for more specific informa-
tion on the machining of Alloy 718.

Reference 62548 presents a good state-of-
the-art summcry on the machining of nickel-base
alloys.

Table 1. Speeds (FPM) for Mschiring with H.5.S. Tools
Threading and
Turning(8:5) ritting(¢) peaming(d) milling®) _ Tepping
15-20 15-20 7-14 15-20 S-8

(s) Use roughing feeds of *.010 1o 0.01S imnch per revolution
(i.p.e.}.
Finishiag feeds are governed by desired finish.

(d) Operute at 60 to 100 feet per minute with camented carbide
tocls with feeds of 0.005 to 0.013 i.p.r. CGrade C-2 teols

are suitadble.
(c) Use feeds proportiomsl to drill dismeter
1716 %o 1/¢ jn. dis. ------0.0005 to 0.002 {.p...
1/8 to M4 ia. dis. ---... 0.007 to 0 004 §.p.r.
34t in. dla. -e-neo 0.004 to 0.00A §.p.r.

(4) Reaming feeds arw sbowt three t:nes the feed used for o
4:41) of the same sise.
(@) Use o feed of 0.003 to 0.00¢ inch per tooth.

FORNING

Nickel-base slloys have been fadricated
both by primary and secondary forming techniques
that sre siailar to those used for the forming of
stainless steels. MNethods currently empioved for
primary fabrication of these alloys include rolling,
extrusion, forging, and drewving of tube, rod, and
vire. Secondary metal-foraing operstions are
those processes that produce finished or semi-
finished parts from sheet, bar, or tubing. The
Toom- temperature ductility of most nickel-base
alloys compares with that of stainless steels, and
secondary working can usuallv be carried out with
conventional processing techniques. These techni-
ques include the following: brake dbending, decp
drawing, spinning snd shear forming, drop-hammer

Defanse Metais Information Center - Battelle

forming, trspped-rubber forming, stretch forwming,
tube forming, rd11 forming and bending, displing,

joggling, blanking, and sizing. Most nickel-base
alloys can be worked at both room and elevated tem-
peratures. The Lot-working temperatures are gener-
ally higher than those used for steel because the
materials etain their strengths to higher tem-
peratures. Reference 62551 presents sn erxcellent
state-of-the-art sumary of deformation processing
of nickel-base alloys.

At the present, comprehensive information
on the primary s.d secondary forming characteris-
tics of Alloy 718 is not :eadily svailable. How-
ever, total-elongation, unifcrm-elongation, and
bend tests, conducted by McDonnell Aircraft Corp.,
indicate that the alloy possesses good formability
characteristics in the annealed condition. Guerin
rubber-foiming and impact rubber-forming tests, also
conducted by McDonnell, have indicated that in the
annegled condition Alloy 7.8 is readily formable
using standard production rubber-forming techniques.
Very little restriking and hand working would be
required to produce parts to production tolerances.
Typical results of the forming tests are presented
in Table 3.

Minimum bend radii of 0.031 inch and 0.047
inch were obtained for 0.048-inch, annealed sheet
specimens bent perpendicular to and parallel to the
rolling direction of the sheet, respectively. The
types of failures normally experienced in sheet-
forming processes are shown in Table 4.

McDonnell Aircraft Corp. has also con-
ducted tests to det2rmine the room-temperaturc
dimpling characteristic. of aged 0.045-inch Alloy
718. The dimpling op.rations were conducted per
PS 19015 to deterwmire if the material could be
dimpled for 5/32 Hi-Suear rivets and 1/4-inch
standard screws. 't was determined that adequate
dimpling could not be perforwed at roos temperature
snd that elevated tomperatures would bo required to
chtain dimples of acceptable qualitv for the )
sheet-thickness, fastener-si:e cumdi.nations evalu-
sted.

Ref: 61947, 0.351, v68¥0

Pispling

L.mited data on the dimpling of Allov 718
are recorded in a report by the “Donrell Airc~aft
Corporation. This report utates that attempts to
forwm dimples in 0. 0d3-inch-thick Allov TI8 cheet
for ¢.250-inch-diameter standard screwe and 0.]56.
inch Mi-Shear rivets wer: unsuccettful owing to
c'‘reumferential tension cracks and excestive in-
ternal shear flowv.

The elongation character:stice ¢f Allov
T18 in the STA condition arc similar to Fene 4}

Memamal institute « Columbus, Oho 43201
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Table 2. Grind for Typicsl Lathe Turning Tool
he toel Comented Carbids

Back Rale Angle 8° to 10° 0° to 8° Positive
Side Rake Angle 10° to 20* 8" Positive (a)
End Relief Angle 7° 5* to 7* (P)

€* to 10° (8)
Side Rellef Angle 7* 5 to 7° (P)

8° to 10° (8)
End Cutting Zdge Angle 8° to 10° 8° to 10°
Side Cutting Edge Angle 15° to X0° 13° to °
Nose Radius 1/32 fa. 0.010 to 0.032 in.

{a)
(P) Primsry
(8) Seconcary

Genaral notes:
Crind drills to 130 to 133" included point angle.
Use narrow land resmers ground to a 30° angle chamfer and with a $ to 10°
face raks.
Use standsrd willing cutters with 5° (P) and 10° (8) reliaf back of cutting
edges to prevent drag.
Use standard tsps ground ts a hook angle of about 7° to 10°.
Use tacgent, milled ,or hobbed type insert thread chasere ground to 15° rake,
5° relief angle and 20° throat sngle.
For drilling, form cutting, and resming, use chlorinsted sulfurized oils.
Por general turning, & water-base chemical coolant is recommsnded.
All oils and coolants should be comglciely removed from the metal prior to
any heating operations.

Chn vy > wa s
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alloy in a like condition. Since there is some,
dimple-formability informstion available on Rene
41, this was used to estimate the ratio of the
dimple slant height, H, to the radius of the
dimple hole, R, For a 100-degree fastener, the
ratio is H/R = 1.17 for Rend 41 at room temper-
sture. With s dimple depth of 0.045-inch, as wss
specified, a slant height of 0.070 inch would be
obtained. The maximm hole diameter for the
dimple would therefore be increased from 100 de-
grees to say 120 degrees, vhich would give an H/R
ratio of 2.60. it is doubtful whether increasing
the tempersture of dimspling from room temperature
will increase tke capabilities for dimpling, since
the limits depend on the elongation values for the
material. Examinstion of the elongation values
for Alloy 718 at various tesperatures indicates
that they are about the same from roow temperature
to spproximately 1000 F. At higher temperatures,
the elongation is reduced and the properties of
the saterial can be affected by overaging.

Ref: B

HEAT TREATING

The effects of various annealing cycles on
the microstructure of Alioy 718 are reported by
McDonnell Aircraft Corporation. Test specimens
of 0.040-inch material were overaged at 1300 F
for 30 nours and ther annealed 15 minutes at
temperatures from 1500 F to I150 F.

Annealing temperatures below 1700 F failed
to dissolve the particles precipitated during aging.
Temperatures between 1700 and 1800 F adequately
dissolved precipitated phases so that subsequent
aging produced maxisum hardness. Annealing over-
aged material at !90C F for 15 minutes appeared to
completely dissolve precipitated phases, without
altering precipitazion behavior during subsequent
aging or enco:raging excessive grain growth.
Anneslirg temperatures greater than 1900 F produced
€XCer3ive grain jrowth and led to the formation of
undesirable graie-Doumdsiy films during sudsequent
aging.

No varistion in hardress or sicrostructure
w2: found o resultl from air cooling or water
quenching from aancaling temperstures.

OPH hardness of water- and air-quenched
specinens and photomicrographs of the grain «
ture of heat-treited specimens afe given
references.

Ref: 35049 “cDonnell Ajrcraft Corpe
Eeport AdTQ, (December 1J, 19

At the present *ime, there is =, (. capd”
heat treatment for Alloy TI8. Rather, the heat
treatment it tailored to fit a specified application

) " P

Base Masterisk  mickel 11-3
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and cheamical compositio:. Most of the heat treat-
ments currently being used with this alloy have in
common the steps of solution treating and double
sging, resulting in “he precipitation of the gamma-
prise phase (see Meiallography). Scveral such
treatments are talulated on the next page.

Solution Trestment

The solution treatment cmployed wi th this
slloy has undergone a major change since the a’loy
was first developed. This has involved s complet:
reversal of the long-standing ides that high
sciutioning temperatures were optimum for craep-
limited spplications and low solutioning temper-
atures for tensile-limited applications. The air-
craft engine manufacturers, dzsiring good creep-
rupture life, have found that 1700 to 1750 F for
1 hour is the preferred solutioning tomperature. (8)
On the other hand, when good tensile properties are
desiced, the solutionin, temperature is now speci-
fied as 1950 F. The lstter treatment seems to be
preferred also when toughness at cryogenic temper-
stures is required in service.

Solution treating is followed by quenching
or air cooling, depending on size. Air ~ooling
should be at a rate of aruund 400 degrees F per
minute. Slow cooling (such as air cooling of heavy
sections) can result in low yield strengths after
aging.

The main reason for not using the 1950 F
solution treatment in crecp-limited applications
is that it reduces rupturc ductility. The trend
tonard using the high solutioning teeperature for
tensile-limited applications has been accompanied
by a lowering of the aluminum content of the allov.

A_\‘Sn‘ Treatwent

For optimsm propertics, particularly Jduc-
tility, a double aging treatoent is now caploved.
Initial aging is performed xithin the range 1335
to 1400 F, usually for 8§ to J0 hours. MMhe usc of
higher temperaturcs and longer tises promotes the
transformstion of the preferred gamma-prime phase
to the more stakic, orthorhombic NiCh phase. For
this reaxon, aging is ususlly completed within the
range 1150 to 120C F, usually for an additional §
hour: Furnace cooling is emploved in going from
the firet aging temperature to the second.

The selection of aging temperatures within
ihe renges given above it reiated to the intended
spplication and, postitly, to the chemical com-
position. Dats on the interrelationthips betucen
chemical composition, heat-treatment details, and

{8; Strictly spealing, thie¢ 1t an annecaling treat.
sent, tince complete trlution does not tale
rlace below 17%0 T
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Typical Heat Treatments for Alloy 718

First Second
Solution Aging Aging Aging

Specification Company Temp., F Temp., F Temp., F Method f{a) 3
! AMS 5596A Society of Automotive 1750 1325 1150 1or II
AMS 5397A Engineers 1950 1420 1200
B50T69-36 General Electric 1700 1325 1150 1 3
Company -
C50T79(S1) General Electric 1800 1325 1150 1
Company
PWA 1009-C Pratt and Whitney 1750 1325 1150 Iorll
Afrcraft
EMS-581c AiResearch 1950 1350 (b) 1200 1
RB0170-101 Rocketdyne 1950 1400 1200 111
AGC-44152 Aero jet-General 1950 1350 1200 1v
(a) I: Hold 8 hours at first aging temperature, furnace cool at 100 F/hr to

second aging temperature. Hold 8 hours, alr cool.
I1: Hold 8 hours at first aging temperature, furnace cool to second aging
temperature. Hold at second aging tempersture until total time

elapsed since the beginning of the fi-st aging is 18 houss. U
1I1: Hold 10 hours at first aging temperature, furnace cool to second aging

temperature, Hold at second aging temperature until total time elapsed

since the beginning of the first aging is 20 hours.
IV: Sams as II, byt firat aging time may be 8 to 10 hours.

(d) F on certain heavy forgings.

resulting mechanical ;roperties are still being
accumulated and more data are needed before op-
timm aging temperatures can be recommended.

Hest Treating Precautions

buring aging, Alloy 718 exhibits a linear
contraction of about 0.001 inch per inch.

This alloy is susceptible, as are similar
nickel-base alloys, to sulfur embrittlement and
attack by elements such as lead, bizmuth, etc.
For this reason, all foreign material such as
grease, oils, paints, 2tc., must be removed by
suitable solvents prior to heat treatment. The
slloy should b¢ supported on clean drick or s
plate of heat-resisiant slloy to reduce contam-
instion. Xatural gases or low-sulfur otls should
be used for fuel, and slightly oxidizing atmos-
pheres are recommended to reduce sulfur piciup.

Ref: 53601, 61358, 66882

CLEAXING

Cleaning is very important to the success-
ful welding, coating, hot forming, and stress
relieving of nickel-base alloys. Two wain types
of surface contanination sust be removed by clesaing:

(1) Surface dirt such as paint, grease,
and oil
(2) Oxide filas and scales.

Proper surface preparation is necessary to:

(1) Prevent the harmful effects of sulfur,
lead, and other elements that are often
present in paint, oil, and other sur-
face dirt

(2) Prevent the sntrapment of oxide film
or scale.

Among the sethods that are used to clesn metal] sur.
faces in geners] prior to welding are slkaline or
solvent clesning, veper degreasing, and plickling.

The degree of cleanliness defore, during,
and often after welding can affect ~eld quaifty.
¥eiding shouid be performnd a3 soon as possible
sfter clecaing, since oxides begin to form jmmedi-.
ately after exposure of cleaned surfaces to open- -
sir swmosphercs. Although the oxides mar be ex- L}
tremely thin snd iavisidle, ther can isduce the d
quality of weldments made by rosistance welding
and 3olid-state diffusion welding.

The importance of obtsining & clean surface
prior to coating cannot be overesphacited. The

Defense Maeatsias information Center - Battele Memonal institute - Columbus, Ohio 43201




presence of dust, dirt, oxides, oil, grease, in which hard facings have imparted to these ma-

: fingerprints or similar contaminants orn the sur- terials the required resistance to stear erosicn,
face of a part being coated can result in the erosion-corrosion, or wear.
formation of a coating that is discontinuous, has
poor adhesion, and exhibits inferior properties. Surface trestments have been developed that
Specific cleaning procedures for preparing the provide nickel-base alloys with lubricity under
surfaces of nickel-base alloys prior to coating conditions in which oils and greases would deterior-
are generally regarded as proprietary; this is ate, such as at high temperature and high vacuum.
particularly true in the case of cleaning prior
to the application of diffusion coatings. Among Although there seems to be little infor-
the methods that are used are polishing on a mation available on the specific application of
cotton wheel, vapor blasting, grit blasting, and coatings to Alloy 718, it appears that many of
pickling.

the treatments used with other nickel-base alloys

could be applied to this alloy.
Degreasing can be accomplished by washing

in a warn detergent, rinsing, and drying in an Coating treatments for nickel-base alioys
osen, or by the use of organic solvents. are discussed in detail in Reference 64660.

|

E There is relatively little information that Ref: 64660

is available specifically on the cleaning of Alloy

718. However, it appears that many of the cleaning

methods used for other nickel-base alloys can be JOINING
applied to this particulsr alloy.

The exceilent weldability of Alloy 718

i'[:) Before pickling of this alloy is attempted, is attributed to the relatively slow rate of pre-

‘ it is recommended that producers of Alloy 713 and cipitation of the strengthening phase, gamma
producers of proprietary pickling materials should prime. Becausc of this, little hardening occurs
be contacted for sdditional information. Two par- during welding.
ticularly knowiedgeable sources of information on
pickling are the Huntington Alloy Products Division The greater portion of the fusion welding
of International Nickel Company, Inc., and the of Alloy 718 has been done by the gas tungsten-
Stellite Division of Union Carbide Corporation. arc (TIG) process. The gas metal-arc (MIG) and

| electron-beam processes have been used, but to a

i Ref: 64660, 62547 COATINGS lesser extent. No data have been found for the

| —— shielded metal-arc or submerged-arc processes.

i Most dirfusion costings used in the United

| States for nickel-base alloys are rich in aluminum. Weld-cracking problems have been associated,
They are used primarily to protect parts of air- by somo users, with a high solution-annealing tea-

! craft, marine, and sutomotive gas-turbine engines perature. It has peen reported that there is s

‘ from the degrading effects of the service environ- close relationship between the solution-annealing
ment. There is still such room for improvement in temperature and the tendency to form microfissures.
these coatings, particularly in those for engines As the solution annealing temperaturc ix increased,
that will be used near the sea. Under such cir- the tendency to forw microfissures is increased.
cumstances, the salt content of the air, combined
witk sulfur from the jet fuel, causes a new, severe Ref:. S7516, 64912, 66682

' type of sulfidation attack.

TIG Welding
bLiffusion coatings bassed on boron have

been developed in the Soviet Union as s seans of Limited data indicate that a wcld efficiency
obtaining very hard cases on nickel-base sl)loys. of 90 perzent may be obtained i1n the gas tungsten-
arc welding of Alloy 718 plate. This value is
Nickel alloys generally are not electro- applicable over the temperature range -423 to 1500 ¥

plated or electroless plated, both Lecsuse they are for material that is fully heat treated after weld-
not used in applications in which plating i re- ing.
Quired and because they often inherently possess the
corrosion resistance or other attribute for which Weld efficiency represents the ratio eof

D plates are applied. In the relstively few appli- tensile yield strength or tentile ultimate strength
cations where they are electroplated, care must be of the weldnent to that of the paren: mctal. In 3
taken to first remove the passive surface film that linited testing rrogran, North Amcri.an Miation,

occurs naturally on these materials. Inc., welded a nunher of :pecinent f-am gne heat

of 174-inch Alloy “I% plate, yeing \llov “18 faller
Hard facings are not often applied to setal. Bo*h rarent-metal and as-welded tpeciment
nickel-base alloys. lowever, examples are known

Defernae Meatsis Information Center - Batteile NMemorai instiuute » Columbus. Ot 43201
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were then annealed (1900 F/1 hour/air cool) and
aged (1400 F/10 hours + 1200 F/10 hours) Lefore
testirg. Multiple tests were run at each of five
temperatures: -423, room, 1000, 1200, and 1500 F.
Weld efficiencies were computed at each temper-
ature for specimens from which the reinforcement
had been removed. At each temperaturc, the average
yield or ultimate strength at the weldment was

from 99 to 108 percent of the corresponding value
for the parent metal.

Investigation of the chemical composition
of the test materials indicsted that the parent
wetal had a much lower aluminum content (0.27%)
than did the filler metal (0.50%). Prior ex-
perience at Rocketdyne has indicated that heats
containing less than 0.35% sluminum do not respond
well to the indicated heat treatment. Thus, tho
observed weld efficiencies sre probsbly higher
than should be expected, and the investigators
recommended the use of 90 percent weld efficiency
for design purposes.

Ref: 63646, Betts, R. D., "Weld Efficiencies of
Inconel 718 Gas Tungsten Arc Welds in the
-423 to 1500 F range”, North American Avis-
tion Report MPR 5-175-363 (July 27, 1965;}.

Alloy 718 has been welded by the TIG
process in thicknesses ranging from 0.020 to }.5
inches. The use of filler metals is opticnal.
Argon is the protectivs gas commonly used, but
helium is preferred fcr deep-penetration welds.
Cleaning of the joint areas in preparstion for
welding must be complete if fully efficient joints
are required. Also, light interlayer grinding
should be used Letween passes.

The alloy is similar to other nickel-base
slloys in its inability to fiow resdily when
molten. Consequently, in most joints over akout
G.125-inch thick, joint designs which contribute
to full join: penctration are nwcossary. During
a study at the Gesneral Electric Company, in-
vestigators encountered considerable difficulty in
obtaining a joint design in xhich full-penetrstion
welds could be assured. Several different filler
setals and joint configurations were svalusted.

It was concluded that U-grooves wore best.

fn the same study, 2he investigators slso
considersd the effect of voth argon sud helium as
shielding gaszes. It wis dotermised that the choice
of shielding yes affected the resulls oblsined,
especially in the thicker plates. Consistent
penetration and high welding speeds were wore
readily odtained when using heliwm oa 3. 15.and
G.50-inch plate. Porurily was also decreased Oy
using helium. iiwever, if the weid is properiy
made, its properzies will not be affucted by
the shielding gas. Uptimm TIN weld setlings for
flate, vhen Reliam cshiciding gas i3 used, are pre-
sented in Table 3. Slight sodificaticas ts surt
local situstiony are pocestle.

d_ Boud or Abey:

T

ook

Bose Motecdek  micket 11-6
Alloy 713
Subject:

The effect of different shielding atmos-
pherss was also studied at McDornell Aircraft Cor-
poration for TIG butt-welds in 0.045-inch sheet.

No difficulties were encountered with either helium
or argon atmospheres. However, helium-shielded
wclds required consid:-ably less heat input and
resulted in & cleaner weid appearance. No other
effects were detected. Process settings used in
this study ars shown in Table 6.

Severa] filler petais hsve been evaluated
during weldability studies of Allcy 718. René 41
and Aljoy 718 filler metals received the most
attencion beceuse the weld metal will respond to
#ging treatsents. The dsta indicate that there
i3 little choice between using Alloy 715 and Rene
4] as the filler metal for weids in sheet <*:Ck,
Shop experience has shown that more process prob-
lems have occurred when Rene 41 was used. Auto-
matic or sesisutomatic welding using Alloy 718 as
filler is a preferred proces. WMhere manual welding
is necessary on sheet-metal joints, the ;-~cedures
must be very curefully controlled.

Studies in highly restrained welds in plate
thicknesses ranging from C.7% to 1.50 inches weTe
conducted by the Huntingtom Allcy Products Division
of The Interuationsl Nickei Coapany. When welding
with Rend &1 filler metal within the thickness
range tested it was conciuded that:

(1} Therc is no need for weld strcas
relief prior to aging

{2) Heavy sections can be welded in the
fuilv aged condition even under
restrained conditions

(3} VNelds in hesvy sections can be re-
vairsd without sunesling and the re-
pair welds aged without difficuley

(4} The siress-rupturs pronerties of welds
at 1200 and 1350 . excced those of
the base metai.

Freedom fram creching of the weld was used as the
criterion for the first three conclusions,

{n their studiss of C.25- and C.32-inch-
thicd Alloy 718, “sneral Flectric reported om the
ute of Insosel 69, Hastelliy ¥, sad Hastellovr R-
238 filler wires. Ax expicted, the Sacimm pro-
perties in heavy thichnesses were obtained when
hardenable filler wires wete wsed. This i3
bacsuse the bull of the weld depesit is ~raposed
of filler naterial. ™he resalts inficated ths*
Hasteller R- 135 filler xire productes good weld
tensile and rumiure properties fr thick Ali.y ~I8.
inconed &% fitler wite did not give sstisfactory
results. ‘Mostellov ¥ filler wirs gave welds with
Tower propertic:, but ite welding crari: teri="ils
1ustify its use vhere marimue strength it not s
requi rement

Nenufacturing procersss
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Optimum TIG Weld Settings for Alloy 718 Plate When Helium Shielding Gas is

Table S.

Used(a)
Thickness, in.: 0.250 0.500%¢)
Pass number 1 2 3 1 2 3
Current, amp 70-75 70-75 80-85 90-95  90-95 100-110
Arc voltage(b), v 13-15 13-15 14-16 14-16  14-16 15-17
Weld speed, in./min 1.$-2.0  1.5-2,0 1.5-2.0 2.0 2.0 2.0
Filler wire, dia., in, 0.063 0.094 0.094 0.063  0.094 0.094
Wire feed rate, in./in. 2 4 4 2 4 - 4
Torch gas, cu ft/hr 30 30 30 35 35 35

(a) Joint design:

0.156 root radius, 0.04-C.05 land single U-groove.

(b) Voltages are averages owing to erratic nature when using helium.
(c) Five or six passes are needed for 0.5-inch plate,

Table 6. Process Settings for Automatic TIG
Welds in Alloy 718 Sheet

) Thickness, in.:

0.045 Sheet
Shielding Gas: Argon lelium
Current, amp 80 40
Arc voltage, v 8-16 16-18
Weld speed, in./min 8 6-8

Filler wire dia., in. 0.030-0.035 0.030-0.035

Wire feed rate, in./min 12-15 8-9
Torch gas, cu ft/hr 20-24 20
Backup gas, cu ft/hr 4 4

The results of o study conducted ss part
of the Supersonic Transport Research Program on
TIG,weids in 0,025-, 0,050-, and 0.125-inch sheet,
using no fiiler, indicated that Alloy 718 exhibits
exceptional welding charscteristics for its alloy
class. By observing the normal procedures em-
ployed for cleaning and welding nickel-base alloys
it was possible to obtain defect-free welds con-
sistontly. Circular patch tests indicated no "hot
short" problem, and simulated repair welds were
made without cracking., It was determined that the
alloy can be welded in the annealed or in thc cold
rolled (20%) and aged condition. Bend tests were
conducted on the welded samplos and a minimum
bend radius of 1t was obtained for the 0.025-inch
gage and 4t for the 0.125-Inch gage.

Hot cracking can be 2 serious limi*ation
to the use of Alloy 718 filler wire for welding
) highly restrained joints because of its low
freezing temperature. In this case, Rene 4]
filler wire is preferred.

Ref: 49184, 49649, 53601, 66882

Electron-Beam Welding

Although it is known that Alloy 718 has
been the subject of electron-beam welding studies,
there are very few data available. Rocketdyne
reports that butt welds in parts up to 0.875 inch
thick can be made with commercial equipment an¢ by
welding from each side. Weld strengths equal to
that of the duplex-aged base metal are cbtained.
The welds are more gas-free than the bsse metal, and
shrinkage is greatly reduced in comparision with
gas tungsten-arc welds, Shrinkage in 0.75-inch
Alloy 718 was 0,005 inch when elcctron-beam welded
sand 0.080 inch when tungsten-arc welded.

Two-pass welding procedures were required
for welding 0.060-inch-thick Alloy 718 pressure
vessels at Airite Products Division of Elcctrads
Corporation. Single-pass welds did not give re-
producible results. The procedure developed to
nske the two-pass welds was as follows:

Tack Weld --- 80 kv, 1.5 ma, 0.012 defocused
beam at 20 in./min

Penetration Weld --- 110 kv, 6.0 ma, 18 in./
nin

Cover ¥eld -- 80 kv, 2.0 ma, 0.100 dufocused
bean,

Butt welds were made in 0.025- and 0.125-inch
Alloy 718 in the fully aged condition. A 0.020-
inch strip was used on the back side of the joint
to improve thc bead contour. Good reproducibility
ard weldability were reported when using 3-kw high-
voltage equipment. Properties of the joints are
not available.

Electron-beam welding should be
desirable for Alloy 718 pressurc vessels up tu
sbout 0.125-inch thick. This of course depends on

Defense Meta!s Infocmation Center - Battella Memorial Inetitute « Columbun, Ohvo 432001
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the economics involved and the fact thut the
vidth of the heat-affected tone increases with
the lower welding speeds uceded for thicker
materials.

Ref: 53601, 54895, 575i¢
Res..lanze Welding

Resistance welding, particularly spot
and sean welding, hsve bacome increasingly is-
portant to the fabrication of high-performsace
vehicles The use +f welded comporcnts in place
of rivets or other rechanical fasteners in these
vehicles eliminates significanmt weight st mo
sacrifice of strength. Consequesntly, determinstion
of the resistance woldability of Alloy 718 has
been the subject of much study.

By taking the proper precsutions, Alloy
718 can be resistance seam and spct welded. The
developaent of optimm welding procedures vas
found to be more difficult for 0.02C-inch ms-
tevial than for 0.060-inch sheet. Optimm welding
procedures for thin-gage material mow call for
welding schedules wita increased weld timss at
lower curreat smpiitudes. The use of very flgt
eloctrode-tip radii wvhem welding thin sheet helps
to mistain jLer .-to-sheet comtact.

In ==, study, spat-weld disswters of 0.100
inch for 0.020-inch sheet sad 0.240 inch for
0.060-{nch sheet permitted spots as clos~ &

0.183 and 0.500 irch, respectively, dafore
shunting occurred. The minimm edge distance were
0.135 snd 0.250 inch, respectivély, for these
welds. The results of a comparison between aged-
elus-veided spicimers and wrided-plus-aged speci-

sens isdicated that the lep shesr strength of
unglc spot-weld joists was improved by aging after
welding. However, whes the aged-plus-welded pro-
codure wvas used, cross temsios results were about
10 perceat higher. The ductility rstic (cross
tension/lap shear) indicated that aging after
welding decreased ductility. However, the
dactility vatio 4id mot fall delow 30 perceat.
This is considered to De adequate resistasce weld-
joimt ductility.

Trpical spot-weld mechine settisgs ate
given is Table 7.

A studs by Padisn xxi Robelotto kas showm
that a satisfactory seam weld should be 3% least
tvice a1 wide a: the thickaese of the thee!, have
st jeast 30 percest pemetrslios into each sheet,
and have 20 te 40 percest crerlap. Sess welding
parasmeters established by the study are gives i
Table 8. Those sean welded sanples which were
aged after welding exhidited the best strergth
properties.

Ref - 44973, 33127, 373ie, 38334, 8880

Braxing

The brazing of the age-hardeusble nickel-
base alloys usually presests problems of technique
such as the maintenance of very dry furnace atmos-
shcres or precoating. The aluainus and titanium in
these alloys csuses difficulty ie obtaining proper
brazing-alloy wetting. Colusbiums does mot oxidize
to form a seriously unwettable surface. Allov 718
contains a total of about 1.4 percest of ajlumimm
and ticanium as comnared xith sbout 4.6 percemt for
laﬁ 41 and 3.2 percest for Incone] X-750. Ccm-
sequently, it would be expected that Alloy 718
would be much easier to braze thas meny age-
hardensble nickel-base alloys. Tests have showm
that this is true. Brezesbility is cumparsble vith
thst of precipitstion-hardening stainless steels
such as 17-7PH or PH 15-7 Mo.

NcDonnell Aircraft has compared the wett-
ab. " ty of Alloy 718 Yy three nickel-base and three
silver-hase filler setals. The specimen surfaces
were prepared by slkaline clemming followed by
liquid boming before brzzisg. Standard volumes of

tabulsted in Table 9. As upcud the nickel-
base filler metals sppesr sost suitsple for .lloy
718. I» addition the limited streagth of silver-
base brazisg filler metals would preclude their
use in samy Alloy 718 appiicationy.

As & resul?r of the sbov- study, tests we:v
zade to deternine °he roos-tempersture shear
strength of joints made ir Alloy 718 using filler
setals O S2 und O S6 LC. The specimems were
cieaned as in the previous work and brs:ed in »
vacaas af | microm or less. Three temperstures
(1950, 2000, and 2050 F) and two drazing tises
(3 and 15 wimutes) were used for esch allo: .

Although the stromgest joimtr were obtaimed
with the 15 sinute drazimy wycle. it was comcioded
that joag cycles were detrimestal from two aspects-
serious in‘crgranular pemetratios by the filler
sctal, especially Ot 56 LL, and possidle sdvrerse
thernal o#ffect on the Alloy 715. It has leen ro-
ported that Druzing sdove D00 F msy roduce the
clongstion of aged Alloy 18 base metal is the
teapersture range '200-1500 F. The Mcikcanel!l wort
was on umaged alloy.

A study war conducted st Xorth Americas
Aristion to drter .ae JAether say redactios i
heat -trested mechanics! properties of Aliey "1

would ocour awing to braziag st temperstures is
ezcess of oplisum solwtion-tresting texpersture.
The ressits isdicste & degroda’ion of betwees I$
and 20 percest.

ld-nicke. and copper-goid drezing filler
mrtale have teen evaluiled for fabricating Allev Tif

Defense Meti s Nformaton Cen-er - Battele Memoral Inst.tute - Colunbua. Orwo 432
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Table 7. TYypical Spot-Neld Mechime Settings for Alloy 718 Sheet

Thickness, in.: 0.029 ¢.020 0.060 0.060
Condition: As Recd. Aged As Recd. 1
Prehest heat, percent --- s -e- .-
Prebest impulses --- 2 .-e ---
Preheat time, cycles --- 10 --- ---
‘.su heat, perceai 16 16 40 38
¥e!d impulses 2 2 2 2
¥eld time, cycles 4 10 8 8
Current decsy heat, percest 10 - 35 35
Current decsy time, cycles 3 --- 6 [
Cool time, cycles 0.5 c.5 1.8 1.5
Squeeze timeo, cycles 21 21 21 2
Hoid time, cycles s0 59 61 6!
§:) Seld force, I 660 750 2850 2900
Forge delay(8), cycles 11-¢ 11-8 o-E 0-E
Forge force, 1b 1500 1950 $380 5400 *
Electrode class, RO Rit 11 1ni 11!
Electrode diamctor, in. s/8 S/8 5/8 578
Electrode radius, in. 3 10 s S

(s) B-begimming of wveld; E-end of wid.

Table 3. Typicai Seam-Neld Ymchine Settings for Alloy T18 sheet

Thickness, in.: 0.020 0.0 0.000 DR

Condition As Recd. Aged  As ecd Aped

Neld hea®, perceat “ a3 133 &5

Weld inpul-es : 3 N c

Sell time, cycles S 3 1 4

Cool time, cycles Q.3 o3 0.3 o3

Orive {2} L} ra) (8}

Tip force, Ib 900 00 2006 000

] Forge time, cycles $ 4 <
theel class, BWA i i1 11! 11

Wrr] thickmess, in. M $f2 ‘e if2

Weel radivs, in. 3 3 1 .-

O taternal cooling Yes Tes %o Yer

{3) Istermittest

Ofense Motais Ifomator Cente - Batinie Ne - wen mns = cooe (o emts o0 T 3730700
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Table 9. Wettability of alloy 718 by Various Brazing Filler Metals
(a) Chamber Braging Brazing Wetted Contact

Brazing Presnure,_a Temp., Time, iraa, Angle, Het:abil;ty

Alloy m He x 10 - min in, deg Index!?
o sole) 5 1950 15 0.185  21.6 0.172
CcM 52 4 1990 15 0.762 12.8 0.743
CM S6LC 4 2075 15 0.624 11.6 0.611
LB 225(d) 5 1660 10 0.189 - -
LB BT(e) 3 1625 10 0.097 - -
LB 846 4 1750 10 0.276 38.5 0.215
o 50(D) 5 1950 15 0.236  25.4 0.213
M 52 5 1996 15 0.414 27.6 0.367
M 56LC 4 2075 15 0.542 17.3 0.518
LB 925 5 1660 10 0.206 53.5 0.122
LB BT(8) 3 1625 10 0.096 115.2 -0.087
LB 846 4 1750 10 0.246 53.5 0.146
(a) CM = Coast Metals; LB = H & H Lithobraze.

(b)
<0.1 poor wetting.

(c) Cintered, not fuse-s.
(d) Ir~omplete fusion.
(e) Fused, no wetting.
(f) Slatered, not fused.
(g) very little wetting.

honeycomb structures. The goid-base alloys wet
the base metal well in & vacuum of less than 1
micron; the copper-base ailoys did rot. In this
study crevice corrosion tests were made in a
salt spray and aerated water. No evidence of
corrosion was found after 100 hours.

The gold-base filler metal containing
chronium uppesred to be strongar in both lap-
shear tests and edgewise compression tests of
horieycomb structures. The strength advantage,
however, may be lost because of greater degrada-
tion of the base metal caused by the higher brazing
temperature required.

Alloy 718 can be brazed with reilative
ease if the proper procedures, spproximating those
for other aluminum/titanium-contairing super-
alloys, are used. Specimens of the base metal
should accompany brazed specimens throughout the
brazing and subsequent heat-treatment cycles to
determine the e¢ffect of these operations on the
mechanical propertics of the base-metal.

Ref: 50206, 58026, 55050, 57516

Adhesive Bonding

Nicoel-ba>e allovs can be adhesive bonded
successfully using rrescatly available techniques
oend adhesives. jiclatively little work has been
dune on adhesive bond ng of these alloys, however,

Area tirmes cosine wetting angle; index >0.6 indicates excellent wetting,

pecause nickel-base allovs generally are used at
temperatures abose the nresent naximum service
teaperatures of organic adhesizes or under corrosive
conditions. Inorganic adhesiv:s of sufficient duc-
tility and low enough maturinsg temperatures have

not as yet be.n developed tc compete with brazing
and welding techniques for joining parts for high-
temperature structures. As the maximum service
temperatures of new orgsaic adhesives continue to
increase, production applications of adhesive bond-
ing :o nickel-base alloys may become more attractive.

Ref. 6254Y is recommended as an excellent
summary of the state-of-the-art of adhesive bonding
of nickel-base alloys.

Ref: 62549

SURFACE FINISHING

Mechanical su.face treatments such as
burnishing, explosive hardening, peening and
planishing are not used to any great extent for
nickel-base ali~vs. When used, they serve a
variety o7 functions including improvirg surface
firish, increasing fatigue strength and surface
Yirdness, and reducing the occurrence of weld
cracking. [Improvements in mechanical propertics
arise largely as s result of the residual com-
pressive stress established in the surface of the
metal by the treatments.

Q

Defense Metals Information Center » Battelle Memorial institute - Columbus, Chio 43201
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Bass Materish:  Mickel -1
Alloy 718

Subject:

ook =

Although there seems to be little infor-
mation available on the specific application of
mechanical surface treatments tc Alloy 718, it
appears that many of these treatments could be
applied to this alloy.

Mechanical surface treatments of nickel-
base alloys are discussed in detail in reference
64660,

Ref: 64660

Manufacturing processes

Defense Metals Intormation Center - Battelle Memorig! institute « Columbias, Oree 33201
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Materitk  mickel I11-1
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Application factors

USES

The following applications for Alloy 718
have been identified in the literature:

Application Reference

Cryogenic-temperature applications:
Diaphragms in vent and relief valves 64409
Inner shell of LOX tankage for both 64723
Gemini and LEM

- e s e e s

Elevated-temperature applications:

M-1 turbine manifold ) 61919

M-1 fuel puap rotor 58539

Titan IIA chamber tube 59644

Cryogenic and elevated-temperature

applications:

Pressure vessels 58137

Point drive fasteners 65780

Saturn V hardware (tellows and gimbal 64912
structures)

D Alloy 718 is alsc undergoing tests as a candidate
materia! for:
SST wing and fuselage skins 57147
Ring flanges, seals, and U, L, T 66396
shapes for jet engines

P ] e o

Ea
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IV. MECHANICAL PROPERTIES

All Fams
Design Properties

Sheet and Plate
Tensile Properties
Notched Tensile Properties
Fatigue Properties

Creep-rupture Properties |
Sheet (cold-rolled and aged) L

Tensile Properties

Notched Tensile Properties

Fatigue Properties

Creep-rupture Properties
Bu:s and Forgings

Tensile Properties

Impact Properties

Fatigue Properties

Creep-rupture Properties
Costings

Tensile Properties

Compressive Properties

Impact Properties

Frocture-toughness Properties

Thermal-rupture Properiies
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Base Vaterial Mickel Iv-1
ta Mets) or Alley: Allcy 718

sheet e

Mllcy Data: Design properties
p. 1of §

Alloy 718 has been proposed for inclusion in MIL-HDBK-5,
"Metallic Materials and Elements for Acrospace Vehicle Structures”. The
following table and four figures were contained in an attachment to the
agenda for the 34th Meeting (October 1967), which will be considered for
approval at the 35th Meeting (April 1948).

Tentative Design Mechanical and Physical Properties
of Alloy 718

T
AMS AMS AMS 5596, 5662, 5663
Specification ..... | 5383 5589 5590 5597 5664
Sneet,
Form .....ocivevee Castinys|Scamless tubing| plate Bars, forgings
Condition ,,....... | Solution-treated & aged per indicated specification
Thickness or N 0. D. > 0.125 [ __ .
diameter, in, _, wall < 0.015
Basis L. ... c0i000e s** S S S S
'Ftu‘ ksi
A 125 185 170 - 185°¢
T ses0s0ecrccene - - - 180 180
Fty' ksi
L ...... ceeeens 110 150 145 - 150°
T tieereccconas -- -- 150 150
e, per cent:
L ovevieenns 5 12 15 - 112
T ceereenes -- - 15° 10
E, 107 psi ...... 29.6°
w, lb/in.3 0.297
a Test direction longitudinal for widths - 9 1a.
b Thickness > 0.025 inch.
c AMS 5662 and 5663 only. For AMS 5664 usce 1380/150/iC for bars, 180/130/12
for forgings.
d 12 percent for AMS 5664 forgings
e Dynamic modulus.
* Symbols are defined in the Appendix.
*e

See Appendix for basis of design properties.
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Alloy 718 Sheet
Annealed at 1750 F and Aged
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Alloy 718 Sheet and Plate
Annealed at 1950 F and Aged
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Tatigue data for Alloy 718 sheet at room temperature ard stress ratio, A = 0,67

and heart ‘reated &s per AMS 55964,
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Fatigue data for Alloy 718 sheet (1) at coom temperature and stress ratin

A = 0.33 aad heat treated as follows:
Solutfon treated 1600 F (1/2 hr) A.C.
Aged 1325 F (16 hr) A.C.

Ref: 61646

Stress Maximum
Concentration, Sheet Stress Cycles to
Ky Thickne:s (ksi) Failure
1.0 .063 120.0 113,000
" " 138.5 75.000
" " 166.2 29,000
" " 184.7 9,000
" " 159.4 27,000
" " 92.3 256,000
" " 73.9 676,000
" " 64.6 1,789,000
" " 55.4 5,000,000 DNF*
" " 106.2 92,000
3.0 " 83.1 17,000
" " 101.6 9,000
" " 64.6 42,000
" " 46,2 230,000
' " 92.3 11,000
" " 36.9 5,000,000 DNF
" " 55.4 124,000
" " 73.9 37,000
" " 42.5 437,000
" " 110.8 9,900
1.0 0.125 92.3 287,000
" " 138.5 55,000
) " 110.8 157,000
" " 73.9 768,000
" " 83.1 462,000
" " 123.7 42,000
" " 64.6 1,289,900
" " 55.4 3,757,000
" " 157.0 21,000
" " 55.4 3,445,000

»nid Not Fail

“)UTS = 0.063 sheet - 183.8 ksi

0.125 sheet = 176.5 kst
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Fatigue data for Alloy 718 sheet at 1000 F and stress ratio A = ® and heat

treated a8 per AMS 5596A. Ref: 65927

Stress Maximum
Concentration, Test Stress Cycles to
K, Direction (ksi) Failure
1.0 T 55.0 24,040,000 DNF*
" " 58.0 3,447,000
" " 60.0 2,439,000
" " 65.0 289,000
" " 70.0 9,000
" " 70.0 372,000
" L 52.5 1,747,000
" " 60.0 108,000
0 T 18.0 24,270,000 TNF
" " 20.0 24,670,000 DNF
" " 23.0 201,000
" " 23.0 607,000
" " 27.5 151,000
" " 35.0 50,000
" " 40.0 26,000
" " 45.0 14,000
" L 25.0 151,000

*Did Not Fail
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Fatigue data for Alloy 718 sheet at 1000 F and stress ratio A = 1.0 and heat

treated as per AMS 5596A.

Ref: 65927

Stress Maximum
Concentration, Test Stress Cycles to
Ke Direction (ksi) Failure
1.0 T 85.0 25,120,000 DNF¥
" " 90,0 14,070,000
" " 95.0 775,000
" " 100.0 456,000
" " 105.0 349,000
" L 90.0 1,659,000
3.0 T 40.0 29,520,000
" " 43.0 933,000
" " 45.0 1,909,000
" " 47.0 400,000
" " 50.0 76,000
" L 42.0 158,000
" " 45.0 91,000
" " 45.0 149,000
" " 45.0 207,000
*Did Not Fail
"o H i i o -
v !,\i K F | i ! i ’ '
4 N2 [ i [N
L RN ]
100 —+ : I‘ ‘\*\\ g : 3 Tﬁf
| b N R
i Y " ' 1 I IR
. . . | | i |
_ 90— Alloy 718 sheet ' x\ L] g Unnotched
s UTS 164 ksi ot I000F s AR
o [ TYs=4a2 i ot 1000F T T | 1
$ so— !000F —t i
= 2 3600com ‘ ’ | P I
n — Air Atmosphere - S — RELE
g ‘R)Jw- Spfc'imcns edge-polished _ | | 1+ © A Longitudinal L I
before heot-ireatin b b
€ 9 ! ! Pl
% |F—a110 asiol Load i} OL  Tronsverse T
o , ' - 1 ‘ !
¥ gof—- — .- Rass
’ | . N NREES
4 NN R T
o—- . e o : r
S i~y TA[ P |  Edge noteh, r10.022" | | |
SR a h— | K330 o
4 . iy _ ‘
o i , P
10 10® 10® 10" 10®

Cyclus 1o Failure
S-N DIAGRAM FOR ALLOY 718 SHEET AT 1000 F WITH STRESS RATIO, A = 1.0 (unnotched

and cdge-notched)




ety e

Fatigue data for Alloy 718 gheet at 1000 F and stress ratio, A = 0.67 and heat
treated as per AMS 5596A.

Ref: 65927

Stress Maximum
Concentration, Test Stress Cycles to
K¢ Direction (ksi) Failure
1.0 T 95.0 29,860,000 DNF*
" " 100.0 22,790,000
" " 102.5 1,214,000
" " 105.0 849,000
" " 105.0 4,636,000
" " 112.5 403,000
" " 120.0 290,000
3.0 " 35.0 24,520,000 DNF
" " 42.5 30,170,000 DNF
" " 46.0 35,210,000 DNF
" " 50.0 210,000
" " 50.0 248,000
- " " 50.0 480,000
- " * 65.0 65,000
;-) " " 65.0 67,000
~ " " 75.0 43,000
" " 85.0 19,000
" " 90.0 15,000
*Did Not Fail
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Fatigue data for Alloy 718 sheet at 1000 F and stress ratio, A = 0.25 and heat
treated as per AMS 5596A.
Ref: 63927

Patigue properties
p. Wof 20

1v-26

Stress Max ionm
Concentration, Test Stress Cycles to

Ke Ef._re_ct_i(ﬂ (ksi) Fracture

1.0 T 145.0 24,120,000 DNF* i
" " 150.0 10,490,000

" " 155.0 4,527,000

" " 157.5 8,554,000

" " 160.0 2,888,000

" " 165.0 1,331,000

" " 170.0 381,000

*Did Not Fail
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Farigue data for Alloy 718 sheet at 1000 F and stress ratio, A » 0.10 and heat

treated as per AMS 5

596A.

Ref: 65927

i

Stress Maximum
Concentration, Test Stress Cycles to
Ke Direction (ksi) Failure
3.0 T 121.0 35,760,000 DNF*
" " 135.0 39,990,000
" " 143.0 32,860,000
" " 154.0 9:“‘8'000
" " 160.0 2,521,000
" " 165.0 205,000
(j‘) *Did Not Fail
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. i 1000F
f=3600¢cpm
- 170 ‘ o Air Atmosphere .
2 ‘[\ | Specimens edge-polished
< O~ —— before heat-treating
- h
2 160 ‘\ 542010 Aol Load
& Transverse Direction
¢ e !
Z |50 e e e e e —— e oo . e — e e e
I S S G B
3 O
40 ———— - ~—-—Edge noteh r:Q.022" - - R
U U K'is,o e pmee e - -
130f— -~ - v.,_,_ﬁ_,.,,...r. e —
. e e — .
1
|2° e e —~—T—- - -—— - ‘(} . - —
) 10" 108 0% 10" o
Cycles % Fagilure

S<N DIAGRAM FOR ALLOY 7185 SHEET AT 1000 F WITH STRESS RATIO A » 0.10 (cdge-notched)

Defense Metais Information Center « Battelle "Aemoral insttuete - Coumbus, O 43201




t:.:.:::":.'::

sheet e

Fatigue data for Alloy 718 sheet at 1000 F and stress ratio A = 0
(stress rupture) and heat treated as per AMS 5596 A.

Ref: 65927

Stress Maximm Time to Ruplure
Concentretion, Test Stress Equivalent
K Directivt (ksi) Hours Cycles
1.0 T 135.0 163.3 35,272,000 DiF*
" " 150.0 114.2 24,667,000
" " 160.0 38.4 8,294,000
" " 167.5 5.6 1,209,000
" " 168.5 3.2 61,000
" 5 135.0 156.2 33,139,000
" " 140.C 72.6 15,681,000
» " 150.0 £3.0 11,448,000
" " 160.¢C 14.1 3,045,006
" " 167.5 3.8 821,000
3.0 T 150.0 131.1 28,317,000
" " 155.0 86.6 18,705,000
" " 160.0 62.4 13,428,000
" " 160.0 75.3 16,264,000 .
" " 170.0 33.2 7,171,000 ‘
" " 180.¢C 8.5 1,836,000 J
" " 181.5 7.9 1,706,000
" L 160.0 33.9 7,322,060
" " 170.0 32.9 11,426,000
" " 180.0 4.6 993,000
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Fatigue data for Allcy 718 sheet at 1200 F and stress ratio, A = = and heat

treated as per AM® 5

596A.

Ref: 65927
Stress Haximm
Concentration, Test Stress Cvcles to
Ke Direction (kst) Failure
1.0 T 47.5 25,436,000 DNFY
" " 49.0 5,481,000
" " 50.0 243,000
" " 52.5 205, 000
" " 55.0 17.00C
" " 62.5 4,000
" " 65.0 z‘wo
" L 55.0 14,000
3.0 T 20.0 26,240,.:00 DNF
" " 2.0 23,250,000
" " 22.5 233,000
" * 25.0 130,000
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Fatigue data for Alloy 718 sheet at 1200 ¥ and stress ratio, A = 1.0 and
heat treated as per AMS 5596a.

Ref: 63927

Stress Maximm
Concentrattion, Test Stress Cycles to
K, Direction (ksi) Failure
1.0 T 8%.0 29,250.000 Dure
" n 90.0 2,603,000
" - 95.0 942,000
" " 100.0 266,000
" " 105.0 91,000
3.0 " 33.0 295,280,000 DKF
" " 35.0 18,990,000
" " 37.0 9,204,000
" " 3.5 65%,000 .
" " 40.0 419,000
* " 42.5 133,000
[
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Fatigue data for Alloy 718 sheet at 1200 F and stress catio A = O
(stress rupture) and heat treated as per ANS $)P6aA.

af: 65927

Stress
Concentrstion,

—_—

1.0

»
3
"

3.0

Time to Rupture

M5 x {amm

Test Stress
Direction (ksti)
T 87.%
" 106.9
- 110.0
" 220.0
- 115.0
" $5.0
" 85 0
- 100.0
= 120.0
- 135.0

Equivalemt

m Cycles
i1r.8 29, avle, D00
.4 6,782,000
.6 2,071,000
T 49,000
c.87 1y, . 00C
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Bass Matericl: Nickel Iv-32

ta Klotal or Alloy: Alloy 718
Fom; Sheet

seetmw e

Alley Deta:  Patigue mom»
p. 16 of 20

Patigue data for Alloy 718 shes . at 1490 P sad stress ratio, A » ® and hest
treated as per A4S 5396A.

Ref: 65927

Stresas Maximum
Concentration, Test Strase Cycles to
; KS Direction (kot) Tatlure
{ 1.0 T 35.0 24,600,000 DNP*
' " " 38.0 6,169,000
! " " 38.0 26,150,000 DNFP
i " " 40.0 16,150,000
: " " 2.0 871,000
J " " 42.0 7,610, 000
i " " 42.5% 1,795,000
. " " 42.5 12,570,000
" " 44,0 9,000
" " 45.0 14,000
" " 45.0 12,000,000
: " " 45.0 15,..0,000
i " " 46.0 41,000
: * " 47.0 68,000
! " " 48.0 9,000
H " " 48.0 130,000
i " L 38.0 7,570,000 -
3.0 T 17.5 25,100,000 DNP ()
! " " 19.0 514,000 —
H v " 19.0 5,577,000
i " " 20.0 1,084,000
" " 21.0 186,000
B " 25.0 36,000
! L 19.0 18,200,000
" " 1.0 151,000
*Did Not Fatl
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Alley: Alloy 7”

Shost -

I LN
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Patigue dats for Alloy 718 sheet at 1400 P and strese ratio. 4 = 1.5 and hest )
trestead as per AMS 5396A. 94
Ref: 65927
Stress Maximum
Concentration, Test Stresse Cycles to
K¢ Direction (kat) Failure
1.0 T 4%.0 29,550,000 unpe
" " 50.0 25,180,000 DNF
i " " 53.0 8,240,000
‘ " " 55.0 10,780,000
; " " 57.5 17,549,000
; " " 62.5 1,929,000
! " " 62.5 7,962,000
. " " 65.0 4,776,000 R
: " " 65.0 5,467,000 :
" " 70.0 6,055,000 :
" " 75.0 382,000 H
" " 75.0 920,000 !
" " 77.5 227,000 :
" " 77.5 452,000 i
" " 77.5 1,413,000 H
" " 80.0 493,000 :
> " " 80.0 659,000 !
" " 87.5 14,000 :
, 53 " L 70.0 2,132,000 | .
: 3.0 T “22.% 26,320,000 DNF !
‘ # " 25.0 6,178,000 ;
" " 25.0 30,120,000
. " " 21.5 3,779,000
. " " 30.0 531,000 :
" " 35.0 166,000
" L 27.5 1,354,000
" " 30.0 810,000 '
*Did Mot Pail
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Yatigue data for Alloy 718 sheet at 1400 ¥ and stress ratio, A = 0,67 and
heat treated as per AMS 5596A.

Ref: 65927
Stress Max{mm
Concentration, Test Stress Cycles to
Ky Dircction (ksi) Vaflure
1.0 T 50.0 26,680,000
" " $5.0 16,760,070
* " 65.0 5,425,000
" " 70.0 2,823,000
" " 80.0 1,454,000
" " 85.0 804,000
" " 90.0 397,000
" “ 95.0 197,000
3.0 " 25.0 35,390,000
" " 27.5 25,340,000
" " 3.0 4,497,000
" " 35.0 1,966,000
" " 3.5 417,000
" " 45.0 300,000
" " 55.0 108,000
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! Patigus data for Alioy 718 sheet at 1400 P and stress ratio, A = 0.25 and
| hest treated ss per AKS 5596A.
g Ref: 65927
:
ii Stress Maximus :
{ Concentration, Test Stress Cyclas to i
' Ke Direction (kst) Patlure ‘
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Patigus data for Alloy 718 sheet at 1400 ¥ sud stress ratio A = O (stress
cupture) and heat treated as per AVS 5596a

NA <oy

Ref: 65927
Strees Maximum Time to Rupture
Concentration, Test Stress Zquivalent
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| Alloy 718 Sheet
Annealed at 1750 F and Aged
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Alloy 718 Sheet and Plate
Annealed at 1350 F and Aged
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Alloy 718 Bars, Forgings, and Biliet
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See Page IV-58 for Heat Treatment Conditions
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", 02 pe 0.2 pC STRERITY

10v . P8t 1020 ¥31 1000 Pay
13,9 177,83 jer.2
1e0,8 1088 192,98
16,8 100,98 168,98
13,8 19¢.8 1428
1208 137, ITY
1208 N2 183,98

oTels

FLONG
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204
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ELONG
CENT

16,2
214
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{8 L3
CENY

161
20,8
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ELONG
CEnNY

23,7
iv.7

[ 14303

ELONS
CE”

2.9
2.4

741

LLONe
rgn
cfny
Thes
1.0
182
1048

1s.0
0.4

R.a,
pER
CENT

2.0

R.A,
PER
CENT

34,7
6.8

R.A,
PER
CENY

3%.1
32,9

R,
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2¢. 4
23.5

R4,
pER
CONT

2.0
3.7

R.A,
L
(<174

15,8
10.%
H R
1v.8
18.3
Ta,e

TEST
nin

TEST
nie
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TeST
nts

TEST
nie

ey
L]

Mt h g

TENS
¥
70
T0

TEwe

TEme
¥
76

70

TEne

7o
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ACCESSTON NUMBER
LOT NUMBER 100

SHORT=TIME TENSILE PROPERTIES

YIELD STRENQTH TENSILE
0.02 pPe 0.2 PC STRENGTH
1000 P31 1000 PSI 1000 PSt

139,.8 169,% 198,0
1459 172,0 197.9
140,0 17,4

19640

ACCESSION NUMBER
LOY NUMBER 101

SHORT-TIME TENSILE PROPERTIES

YIELD STRENGTH TENSILE
0402 P¢ 0.2 PC STRENGTH
1000 K5I 1000 PSI 1000 PSt

136.9% 163,85 188,5

ACCESSTON NUMBER
LOT NUMBER 102

SHORT=TIME TENSILE PROPERTIES

YIELO STRENGTH TENSILE
0,02 Pe 0.2 PC STRENGTH
1000 psI looo PSI 10r0 PSI

129.6 160,5 194.0
129.3 163.0 201.9
137,58 168,93 196,0
138,85 167,00 195.5

ACCZISION NUMRER
LOT NUMBER 132

SHORT-TINE TENSILE PROPERTIES

YIELD STRENGTM TENSILE
0,02 »¢ Q2 PC STRENGTH
1000 PS1 1000 PY] 1600 P&

123.% 149,3 191,.8
110.8 1490 1870
39,5 166,0 199,90

AZCEISION NUMBER
LOT AyuMBTR 104

SHORT=TINE TENSILT PROPERTICS

YIELD STRENGTH TENSILE
0.42 o 2.2 PC STRENSTH
1000 #si lo0o P31 1000 PSI

100,0 175,90 107.%
1699 174,8 166,93

ACCTIBION mpmee
LOT nynglr 10

SHORT-TINE TENSILE PROPERTILS

YIELO STREmeTH TENSILE
d. 0k ¢ a2 pC SYHENGTH
1600 P8l 1000 P81 1660 P31
143.8 LTS 1 1r9.2
1.0 o 1668
12,0 169 0 1983
1340 ) 191.9
12,9 197.¢
iry.0 1982

p. 8 of
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R.A,
PER
CENT

23.9
23,0
2641

ReA,
CENT
9.3

Rehy
PER
CENT

36,0
24,0
23,2
2640
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ACCESSION NUMBER  6T616 ACCES3ION NUMBER  6T614
LOT WUMBER 104 LOT MUMRER 113
SHORT=TINE TENSILE PROPERTIES SHORT=TIME TENSILY PROPERTIES
YIELO STRENGTH TENSILE  ELONG  M.4, YIELD STRENGTH TENSILE  FLONG  R.A,
TEmP 0,02 P 0.2 PC STRENGTH  PER PER  TEST TEMP 0,02 Pe 0.2 oC STENGTH  PER PER  TEST
F 1000 PSI 1000 P8t 1000 PST  CENT  CENT  nIp r 1000 PS] 1000 PSt 1000 PST  CENT  CENT  nim
F 70 120,0 148,3 180.5% 19,8 25.4 T T0 136,64 160,0 100,.8 23.0 40,0 L
i 10 1228 146 ,0 177.3 20,9 21.0 T
70 139.1 171,58 1965 12,6 17.0 T
! 70 1e0.a 170,85 19440 16.8 2044 T
'3 ACCESSION NUVSER  67aST
LOT wumgkR 9
. ACCESSION NUMBER 67616
<} LOT WUMBER 107 SHORT=TINE TENSIL? PROPFRTILS
3 YIELD STRENGTH TENSILE  ELONG  Red,
A SHORT~TINE TENSILE PROPERTIES TEwP 0.02 PC 0.2 PC STRENGTH  PEA VER  TEST
; [ 000 PS nno PS CENT CENT nif
& YIELD STRENGTH TENSILE  ELONS  A.A, 4 1000 pS1 1000 PSI 1000 P31
i TEme 0,02 P2 0.2 ¢ STRENGTH  PER PER  TEST 13 155.0 173.0 206.0 20,8 &2.0 L
; 4 1000 PSI 1000 PSI 1000 PSI  CENT  CENT  nIp 1200 134,0 1520 170.0 lhes 323 L
4 70 141,85 174.8 198.0 12,9 1049 T
; 70 181.8 174,8 198,0 12,9 13.2 T
4 70 119.0 171.% 198.0 19.1 16.8 A g
] 170 131,58 1711,0 198,0 14,2 18,5 T
: ;g }Jg-g 1‘9.: 2005 18,1 23.4 T ACCESSION NUMBER  &7657
o8, 1 200.0 7.9 1041 1 Q10
10 137.0 18000 19708 o1 2 : LOT NUMAE
SHORT=TIME TENSILY PwOPFRTIES
{ YIELD STRENOTH TENSILE  ELONG  R.A.
i:::) ACCESSION NUMBER 67614 Tewp 0,02 e 0.2 PC STRENGTH  PER PER  TEST
LOT NUMRER  10A ¥ 1000 P51 1000 #S1 1000 PST  CENT  CENT  BIR
SHORT-TINE TENSILE OROPERTIES 7” 155.0 179,90 712.0 212 0.8 L
1200 135,0 183,0 174,0 17,8 3%.8 L
YIELD STRENGTH TENSILE  ELONG  R.A,
Tews 0.02 P¢ 02 PC STRENGTH  PER PER  TEST
r 1000 P81 1000 PSI 1000 PSI  CENT  CENT  nIR
70 128,8 163,8 185.5 2.6 32,8 T ACCESSION NUMBER 67657
70 136.8 160,58 183.8 10,4 33,8 T LOT NyMBER 11
70 1318 161,5 104,0 16,6 20,0 T
70 136,58 163,85 19¢.0 15,0  26eb T
7 143.0 1;~.o 192.5 7.8 1.0 T SHORT=TINE TENSILE PROPERTIES
PSS 178,8 o7 2.2 1%1 1
;: {“-: 177:5 :97:: {3-7 \b:'l T YIELO STRENGTM TENSILE £LONG Roh,
0 135.8 175.8 19%.0 16,8 16.6 T Tewe 0.02 PC 0.2 PC STRENGTH  PER PER  TERT
’ r 1000 PSY 1000 PST 1000 PST CENT CENT nle
” 151.9 177,0 209.0 102 3303 L
1200 13640 1%4,0 178,0 ($.7 3el® L
ACCESSION NUMBER 67614
LOT NUMBER 109
SHORT=TIME TENSILE PROPERTIES
; YIELD STRENGTH TENSILE  ELONG  M,A.
i Tews 0,62 p¢ 0.2 PC STRENGTH  PER pER  TEaY
! 4 1000 PSI 1000 P31 1000 PST  CENT  CENT  nlR
: 170 143.8 190.8 1098 1%.0 1.0 '
. ACCESSION NUMIER 67616
LOT NueBCA 110
;‘ SHORT-TINE TENSILE PROPERTIES
3 YIELO STAENOTN TENCILE  ELONE  R.A,
Tene 0,02 P¢ 0.2 B¢ STRPNGTH  PER pER  TEAT
) 1000 #S1 1000 »i1 JooL P81  CENT  CENT  nia
10 146.9 11,8 19,8 16,0 1.0 4
70 147.0 174,0 1973 1n.e 21,3 T
0 148,8 170,8 193,8 TR 2T T
T8 147.0 172.9 198.% 142Y 17.0 T
O 10 149,0 176.0 100.0 loal  lees '
i Defense Metals Information Center - Battele Memortal Instutute « Columbus Otwo 43201
AR RGINGCIRL. & vt s ea s et e e e
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Tensile properties at cryogenic, room, and elevated temperatures
for Alloy 718 bars, forgings, and billets.

Reference

50031
63742
63743
67595
67595
67596
67596
67596
67596
67596
67596
67596
67596
67596
67602
67602
67614
67614
67614
67614
67614
67614
67614
67614
67614
67614
67614
67614
67614
67614
67614
67614
67614
67614
67614
67614
6761u
67614
67614
67614
67614
67614
67614
67614
67614
67657
67657
67637

o s

WO NV EWN =N e s s

Heat Treatment

8 hr/1325 F,

u“ed "
8 hr/1150 ¥

45 ©vin/1950 F, 10 hr/1400 F, 10 hr/1200 F

1 hr/1750 F,
1 hr/1750 F,
1 hr/1750 F,
1 he/1750 7,
1 hr/1800 F,
1 hr/1950 F,
hr/1950 F,
hr/1950 F,
hr/1950 F,
hr/1750 F,
hr/1950 F,
hr/1750 F,
hr/1750 F,
hr/1700 F,
hr/1700 F,
hr/1700 F,
hr/1700 F,
hr/1700 F,
hr/1700 F,
hr/1750 F,
hr/1750 F,
hr/1750 F,
hr/1750 F,
hr/1750 F,
hr/1750 F,
hr/1750 F,
hr/1750 F,
he/1750 F,
hr/1750 F,
hr/1750 F,
hr/1750 F,
he/175%0 F,
he/l750 P,
hr/1750 P,
hr/1950 P,
he/1950 F,
hr/1950 F,
hr/19%0 r,
hr/19%0 F,
he/19%0 r,
he/19%0 ¥,
hr/1800 ¥,
he/17%0 F,
he/173%0 7,
he/12%0 p,

e O N N N N N N N N N N Tl ol ol el o N e Rl

8 hr/1325 F,
8 hr/1325 F,
8 hr/1325 F,
8 hr/1325 F,
8 hi-/1325 P,
10 h/1400 F,
10 hr/1400 F,
10 hr/1400 F,
10 hr/1400 F,
8 hr/1325 F,
10 hr/1400 F,
8 hr/1325 F,
8 hr/1325 F
8 hr/1325 F,
8 hr/1325 P,
8 hr/1325 F,
8 hr/1325 F,
8 hr/1325 F,
8 hr/1325 F,
8 hr/1325 F,
8 hr/1325 F,
8 he/1325 F,
8 hr/1325 F,
8 hr/1325 7,
8 hr/1325 F,
8 hre/1325 F,
8 hr/1325 ¥,
8 hr/1325 F,
8 hr/l325 r,
8 he/l325 1,
8 hr/l325 r,
8 hr/1325 F,
8 hr/1325 F,
8 hr/1325 r,
10 hr/1400 ¥,
1C he/1400 T,
10 hr/1400 F,
10 hx/14600 F,
10 he/14C0 F,
10 hr/1600 P,
10 he/1400 ¥,
8 he/l325 7,

10 hr/1150 F
10 hr/1150 F
10 hr/1150 F
10 hr/1150 F

8 hr/1150 P

10 hr/1200 ¥

10 hr/1200 F
10 hr/1200 F

10 hr/1200 7
10 hr/1150 F

10 hr/1200 F
8 hr/1150 F

18 hr/1150 F
18 hr/1150 ¥
18 hr/1150 F
18 hr/1150 F
18 hr/1150 F
18 hr/1150 F
18 hr/1150 P
18 hr/1150 F
18 hr/1150 F
18 hr/1150 7
18 hr/1150 F
18 hr/1150 F
18 hr/1150 P
18 hr/ilS0 F
10 he/l150 F
10 he/l150 F
10 hr/1150 P
10 he/1150 F
10 he/l180 7
10 he/1150
10 he/llS0 F
10 hr/1200 F
10 hr/1200 F
10 he/1200 7
10 he/1200 &
10 he/2200 7
10 he/1200 ¢
10 he/l200 7
18 he/1150 F

8 he/1325 7, 8 he/ll30 7
8 hre/1325 F, 8 he/llS0 7
8 he/1325 7, 8 he/YISO P

Defense Metais information Center - Battelle Memorial iInstitute » Colurmbus, Ohwo 43201
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lspact properties of Alloy 718 zt cryoganic temperstures. P th aill
annealed and haaZ trestad specimeins were tasted, Specimess wers sach.d to
the dimensions shows in figures trom stendard No. 5 taper pins., The wubstandard
size vas necessary dwe to the 30 ft-1b cepacity of the testing mechinme.

Beat tresatmont utilized ves: aged ac 1325 P for 7 howrs, furnace
cooled at 20 P per hour to 1130 P, and air coolad out of furmacs.

Impact Raurgy in ft-1be.

Test Tempersture Alley 718 Alley 710
K Asnesled Beat ‘l_tnud !
300 8.3 1.0 !
300 8.1 1.0 {
306 7.6 1.0 :
300 8.4 1.1
300 1.9 1.0
avg. 1.9 avg. 1.0
19 8.1 1.0 :
196 8.8 1.2 i
194 7.4 1.0 ,
1% 7.0 0.9 :
19 8.1 Lo
avg. 8.0 avg. 1.0 !
() ” 8.2 0.9 '
7 1.3 c.8 '
17 7.0 0.7
n 1.% 6.1
v R N
avg. 1.4 avg. 0.78
20 7.9 0.1
20 7.8 0.7
20 7.6 0.8
2 7.3 0.8
20 8.3 N
avg. 1.8 avg. 0.7¢
Rel. DigC Q20M2
3 e’
‘Q
',"' om——
S '
»
. -
- -l :
. o 1. » ,
[ ] ' et
O \ - 3 »
LOTCH RADINS 9.010° ¢ 0.001° A <
®OTCN DEPTN 0.088" 0
Y
- [
b
Defense Metsis informaton Ceivter - Betteie Memoral institute « Columbus. Orvo 43201 ‘
- - e e BN

-




T R

Uamotched (K¢ » 1.0) rotatiag beading fatigue dats at room temperatwre for eolution
trested and aged Alloy 718 bar, R = <1 (A = ®) heat traated as follows:
Solutios craated 17350 F(1 br.) A.C.

Aged 1325 r(8 ue.) ?.C.
Aged 1150 (10 br.) A.C.
Ref: A
Low Cycles? Righ Cyclests
Stress Stress
(kst) Cyeles {kot) Cycles pemarks
1060.0 121,000 Failed
9%.0 293,000 Peiled
85.0 19,163,000 fan owt
%0.0 1,193,000 Failed
82.5 2,804 ,000 Failed
6.0 10,023,000 FPailed
87.0 12,071,000 Ram out
105.0 9,000 Pailed
106.0 12,000 83.0 3,320,000 Failed
100.0 6,000 85.0 950,000 Pailed
9.0 43,000 83.0 1,467,000 Pailed
90.0 11,250 83.0 10,048,000 Ran owt
90.0 25,124 83,0 3,354,000 Pailed
100.0 1,500 85.0 4,632,000 Pailed
100.0 1,500 83.0 93 000 Pailed
100.0 750 82.0 10,027,000 Ram owt
110.0 e 82.0 2,978,000 Palled
103.0 Ay 2.0 11,071,000 Ran omt
110.0 144 82.0 27,081,000 Ran ost
103.0 313 82.0 24,514,000 Ran owt
93.0 3,250 82.0 10,022,000 Ran owt
9.0 63,000 2.0 3,983,000 Patled
105.0 813 02.0 1,274,000 Patled
8.0 50,000 s2.0 93,000 Puiled

* Tested ot 100 cpn at tndiceted strecs leve) to indicated ambar of cycles
followed by convestiomsl high cycle testing te 107 cycles ov fstlure.

o¢ Tusted ot 10,000 cpm, Mot Ne. Y]

Deferse Meoeta s 'Yor-mat:on Cente- « Batieis Memora Innttute - Coumbus, Oo 43201
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il R Alloy 718 Bar
120 a1 * Room tempersture
1! ! Solution treated
= and double sged
110 i} | ‘| Tesz speed: 10,
‘ ‘.'; :-“bo’”l
- ! } ' & =] (A =®)
. o od v
g N ! |
: N ! ]
1 ' .
1 ! i H
” i ! IS ';
! L i i byl
i SR, | SRS
X ' o ! é 1 : v Z:f;!,
o ! b [
» RN RN L L
BREEE | AN RS , e
Y * : E Lt , R
T » T -
60 L | | P "f‘f f i{
1 ’ i H
| ! PH b | P
10t 10 10® 107 108

Cycles to failure

Uxnotchad (K, = 1.0) rotating bending fetigue behavior (5-K) of
douwsle aged Alloy 718 bar at roos temperature., R = -1 (A = =)
Raf:

Defenan Motas formatorn Cemto « 350 2o « Ne-- A e

solution treated and

A

PO
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Ceferse Metam Informeation Center - Battele Memorw irgttiste - Colundbus. Owo 432N

taneteched (K * 1.9) pull-pull fatigee deta ot rosm tomperstars
double aged Alley 710 “misni-gmmassed * forgings, R = 0 (A = 1) host trested os

¢ollowe:

and 1000 ¥ feor

A 1323 (8 Wr.) P.C.
aged 1130 P(10 br.) A.C.
hef: A
ot _ Naxtmm Cyeles to
Semperecure, ) sreee, (kot) faflory
or 170.0 0,272
200.0 4,188
160.0 12,089
190.0 6152
1. 1,9%
190.0 4,009
2200 2,948
1000 200.6 »
100.0 20
12.0 250
150.0 1,3
10.¢ 2,943
100.0 71"
1.9 17,042
120.0 3,952
ue.0 2.9
Maat Bo. 26-198-199
Test spoed: 13 cpb
? e IR b1 11 ijii]attey 718 rerginge
m Ltv "H — et ;,f’[ 5T asd 1980 ¥
oy ! ;T Pl
‘ ! ol ‘ Ne ».::‘-:n
00 , f Lot}
P e
100 5 | i }
» |
: P | i
flaad ’ —— e A
§' oEb o o i P - i
e ; :
. — ‘ T
i e ' i i i e
et —-
| Lt Pipihs i !
[ , N | z ,.
w w 1) 18

Cycles to Estiwre

Vmetched (X » 1.0) pulli-gull lov cyele fatigem Wwhwvier ($-5) ol dovble aged
Alloy 718 fergl ge ot resm coupevetwrs oud 1000 ¢

a*0a=1

el A
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nesiows strese, Sei

0

200

]

g £

3

tanstched (K¢ » 1.0) pull-pull fotigue dots 8¢ resn temporsture and 1000 7 for
solutien crested ind double aged Alley 718 fergtiags, R = @ (A » 1) hest trestnd
as follews:
solucion tvested 1736 F (1 'r.) A.C.
Lged 1325 7 (8 ar.) 7.C.
agod 1198 ¥ (10 Wr.) A.C.
ef: &
Tost Maxiswe Cyreles to
Lesperature, xress, (No1) Satieee
34 1%0.0 4,904
160.9 4,200
170.0 &, 042
190.0 1,98
190.0 1%
140.0 16,675
1700 2,093
18%.0 2?7
1000 1%0 0 [ 14
160.0 [ ¥}
13.0 3.000
128.0 20,810
160.0 1e
140.0 .
130.0 6,700
* pailed o londing
et Bo. N-193-199
Test cpeed: 13 b

Alley 715 vewgings

x=RT

~1 " omble agd
Test spuad. \eph
021000 F + nac m. 20280830

ST and 1O ¥
Solat ias troated

0“!‘." ‘

4

i

SR

e WU ARY Wt SPYEY x .

it o s s AR s 3o el » - ““N B i 8l Y o ;b a3 sl ol

h s s W K A X S il . Wl v W

R L e e e e

st clnd (B « 1.0) pull-pull low cvle

Cyclee €2 (ailmme

i
SERREE U Gy -.tm.-, e »&,“n'.l1N bR A R R A ol o ol AR XY
. —— R i ny S R A T P s SO
e s ot . e N P P R . T P apayey
B et B A B B B Ul i, B e BB o el e e A
e z
1 10’ ot 10} 10t

fotigws lodwvise {£.5) of asiy2iom

trosted sl Sdaubie spod sllew 710 Forginge ot fuwm tewmpeerstere - & IINE T

80 (a-~-1)

Defense Metax iInformegt:on Center - Battete Memor o wiluse - Courbus, U 43207




100G,

© 1300 F. CURVE NOT DRAWN

Biee,

STRESS. 1000 P81 (LOS SCALE)

AV

IR N R R

20 S0 100

200
RITURE TINE. HOURS (LG SCRLE)

Stress-Rupture Time

See Heat Treatment Conditions on Page IV-68

Defenss Motols Information Center - Battelle Memorial inatitute - Columbug, Ohio 43201




Alloy 718 Bars, Forgings, and Billet
Annealed at 1750 F and Aged

1%
4 100 m
10 h soL. TOF.
_ | 1760 F
» -
. 41000 M
m *
g TN
- N
q
i w L a
1
2
n T T L 4 Ll L
1bo " 1180 ' 1200 | 1280 @ 130 @ 1380
TOrONTSE. F
Rupture Strength

See Heat Treatment Conditions on Page IV-68
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ACCCOSTION wwiER 47402
LOT welih 3§
QRI0INAL TSP aND MUPTURE DATA
TS  Oulde my ®ave 'OV'M’. r”‘r\':‘
1 1600 0] peh CEny cntl
o WOURS  PFR NOUR LR CEWT BN CENY
3} 188
10%0 N9 300
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lise 200.08 [ 233
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1180 100
11e0 +800
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1190 80
1190 1.000
1200 Tl
12¢8 - L334
1200 .
B 1) d0e
22CESSICN 'WnlER 47014
\OT nunsER T8
ORl8ina, LR and syrTunt Duta
STNEIS DuRs- wiw NaATe roTM arTuet
Tewe, 160t Tion e CInY [l [ {9 "N
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Defense Metals Information Center - Battalls Marora! irstitute - Columbus, Chio 43201

L

properties
p. 50of S

Creep and rupture properties at elevated temperatures for Alloy 718
bars, forgings, and billets.

Lot

Reference Neo, Heat Treatment

67596 2 1 hr/1750 F, 8 hr/1325 F, 10 hr/115C F
67596 3 1 hr/1800 ¥, 8 hr/1325 F, 8 hr/1150 F
67602 20 1 hr/1750 F, 8 hr/1325 F, 8 hr/1150 F
67602 21 1 he/1750 F, 8 hr/1325 F

67614 78 1 hr/1700 F, 8 hr/1325 F, 18 hr/1150 F
67614 79 1 hr/1700 F, 8 hr/1325 F, 18 hr/1150 F
67614 80 1 hr/1700 F, 8 hr/1325 F, 18 hr/1150 F
67614 81 1 hr/1700 F, 8 hr/1325 F, 18 hr/1150 F
67614 82 1 hr/1750 F, 8 hr/1325 F, 18 hr/1150 F
67614 83 1 hr/1750 F, 8 hr/1325 F, 18 hr/1150 F
67614 84 1 hr/1750 F, 8 hr/1325 F, 18 hr/1150 F
67614 85 1 hr/1750 F, 8 hr/1325 F, 18 hr/1150 F
67614 88 1 hr/1750 F, 8 hr/1325 F, 18 hr/1150 F
67614 89 1 hr/1750 F, 8 hr/1325 7, 18 hr/1150 F
67614 90 1 hr/1750 7, 8 hr/1325 F, 18 hr/1150 F
67614 91 1 hr/1750 F, 8 hr/1325 F, 18 hr/1150 F
67614 99 1 hr/1750 F, 8 hr/1325 F, 10 hr/1150 F
67614 13 1 hr/1800 F, 10 hr/1400 F, 10 hr/1200 F
67657 9 1 hr/1750 F, 8 hr/1325 F, 8 hr/1150 F
67657 10 1 hr/1750 F, 8 hr/1325 ¥, 8 hr/1150 F
67657 1 1 hr/1750 F, 8 hr/1325 F, 8 hr/1150 F
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Alloy 718
Castings

2000F 7.
L 1800 F /i,
100 7l320 F/i16m./A.C.
- L
: r - "" ;
g 1 ¢
—w & :_;_
“ ¢
80
Yy
)
o  J v o v L -l BE o L 4 1
TOVPERRTURE, F
Tensile Strength
200
200CF /1w
P 18000 F / iN.
A8 1320 F /716 w.7A.C.

A

/
N

A

0.2 YIELO STADMOTH. 1000 PSI
8
e
>~

2% Yield Strength

See Page IV-71 For Heat Treatment Conditions

Defense Metals Information Center - Battelle Memorial Institute « Columbus, Ohio 43201
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1800 F/2.7AC.
e 1325 F/8N./F.C. 0
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.2% Yield Strength

See Page IV-71 For Heat Treatment Conditions
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Room- temperature compression data for one heat of cast Alloy 718
are presented below,

0.2% Offset S
Compressive Compressive a 6
; Conditfon  Yield Stremgch, ket  Ultimate Strength, kei® 10° pet
!
é Solution
! Treated 350 Not detected 6.3
Solutfon
Treated 413 3800 5.8
Aged 840 3660 6.4 |
Aged 871 3210 6.8 |
Beat 65-506
Solution Treated: 1800 F/2 hrs/Air Cocl “)
Aged: " 1325 7/8 hrs/Purnace Cool to 1150 P-hold 8 hrs-Alr Cool (\“»

‘Bmd upon load at failure and original cross sectional area.
All failures were ductile shear type.

Ref: 63618

} Defense Meats's Inforrmation Center - Bettelde Memorwel Ingttute - Columbus. Owo 43201
}
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Cryogenic, room, and elevated temperature charpy impact dstas for

one heat of Alloy 718 are presented delow:

Test Impact Strength,
Condition Iewp,, ¥ fe-lb
Aged -40 10.0
Aged =40 13.2
Aged -40 12.6
Aged -40 11.2
Aged R.T. 12.7
Aged R.T. 13.7
Aged R.T. 15.7
Aged R.T. 13.6
Aged 1200 18.6
Aged 1200 16.8
Aged 1200 19.8
Aged 1200 18.5

Beat 635-306

Solurion Treated: 1800 F/2 hrs, A.C.
Aged: 1325 F/8 hrs, Furnace cooled to 1150 F, hold
for 8 hrs., A.C.

Ref- 63618

Defarnse Metais Informat.on Center - Battele Memong iInsttute - Coumbure. Owo 4320"




Cryogenic, room, end elevated temperature fracture-toughness data
for une heat of cast Alloy 718 are presented belov. Charpy impact test
specimens were pre-cracked in bending fatigue to an average depth of 0.2
inches at the root of the notch following heat treatment:

——

Energy to
Test Fracture, G,

\ Condition Temp., P fr - 1b 1n-1b/10?

Aged -40 6.6 733

Aged -40 6.5 666

Aged -40 6.8 752

Aged -40 6.5 709
2 Aged R.T. 8.0 840

Aged R.T. 7.8 828

Aged R.T. 5.7 640

Aged R.T. 5.8 595

Aged 1200 10.? 1182
; Aged 1200 12.7 1268 -
g Aged 1200 9.3 1046 (J

‘5 Aged 1200 10.6 1173

: Heat 65-506
: Solution Treated: 1800 P/2 hrs/A.C.
; Aged: 1325 F/8 hrs/furasce cooled to 1150 F -- held for

' 8 hrs/A.C.

B

| Ref: 63618

T

Defewe Mezao Format.on Centeor - Batielie Memoa Insutgte « Co mixm, Orao 432010
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Thermal fatigue data for one heat of cast Alloy 718 are preseuted

below.
Cycles Heating Cooling
Temp. to Compressive Tensils
condition Cvcle - F°  Pailure Stress, ksi  Stress, ket
Aged 300-1400 * %2 762
Aged 300-1400 m 788 920
Aged 300-1600 38 866 893
Aged 300-1200 * 599 827 ‘
Aged 300-1200 * 110C 368 i .
* Test discontinuad after 1000 cycles without failure. i
Beat 65-506 i
Solution Treated: 1800 F/2 hrs/A.C. N
Aged: 1325 F/8 hrs/Furnace cooled to 1150 F -- held for i
O 8 hre/A.C.

-

s Heating time 0.5 mioutes; cooling time, 2.5 minutes.

Ref: 63618 -
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| ACCESSTON WURBER 63618
LOTY WUwBER . )

ORIOXNivaﬁth AND  SUPTURE 0ATA |
STRESS DURA=  WIN RATE . TOTAL RUPTURE HARD
Tewp, 1000 TIoN PER CENT  CREEP  Ei. . RA . AFTER
4 PSI  HWOURS = Prit HOUR PER CENY  PER CENT TEST

1200 68.0  -67.6F 0018 - 8é6 40

1360 12,5 9.38 108 6,0 3.2

1300 60,0  109.6R .01 7.8 6.3

_ACCESSION WUMBER 63618
LOT NUMBITR Y ‘

" ORIGINAL CREEP AND RUPTURE OATA

STRESS  CURA- MiN RATE  TGTAL RUP TURE MARD
TEsp, - 1900 TION PFR CENT CREEP €L RA AFTER
- F PSI  MOCRS PQQVHOUﬂ _PERZCENT PER CENTY TESTY
1300 72,5 9.8R 054 1.0 3.2
. ime B

Eefersnce Ne. R . Hest Trestment

€3618 3 -~ 2 hr/180G F, 8 hr/1325 F, 8 hr/1150 F

63618 & 2 %¢71900 F, B hr/1325 F, 8 hr/1150 F

Deferse Motarn rormauon Center - Batiete Mermow Insttute - Cormbus, O~o 43200




V. APPENDIX

Spectiicotions

Chemicol Composition
References

List of Symbols

Duto Besis

Constom-Life Dicyroms (fotigue)
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Specifications

As was indicatcd in the sections covering the metallography and heat
treatment cf Alloy 718, hoth the composition and the heat treatment oi cnis
alloy tend to differ sccording te the intended applicarion., It i{s for this
rcasor. that the spplicable specifications can usually be identified as
pertaining to creep-rupture or short-time a,plications, The ''creep-rupture”
specifications are usually preferred for jet-engine applications, while the
"short-time"” specifications cover material for pressure vessels and for
appiications tnvoiviug relatively short exposures at clevated temperaturee.

Alloy 718 is covered by cight Aernspace Material Specifications,
which arc listed below., In addition, it i{s covercd by a number of propri.tary
spocificat? ns, some of which are iacluded in the tabie of chemical co.positions
on the fo. .owing page.

Acrospace Material Specifications for Alloy 718

Specification Type of Product __Application
AMS 3383 Investment Castings Creep-rupture
AMS 5589 Tubing Creep-rupture
AMS 5590 Tu.ing Short-time
AMS 5596 Sheet, Strip, Plate Creep-rupture
AMS 5597 Sheetr, Strip, Plate Share-time
AMS 5662, 5663 Bars, forgings Creep-cupture
AMS 5664 Bars, forgings short-(ime




© . e A e < &

Specifications

CHEMICAL COMPOSITION OF ALLOY 718 ACCORDING TO VARIOUS SPECIFICATIONS

Amount Specified{a), percent

Specitficatien [33 Mn 5 Cu
Identification Company Cdb + Ta Ti Al B C (max) (max) (max) (max)
AMS 5596A SAE 5.00-5.50 0.65-1 15 0.40-0.80 0.002-0.006 0.03-0.10 0.35 0.35 0.015 0.10
AMS 5597 SAE 4.75-5.50 0.65-1.15 0.20-0.80 0.006 max 0.08 max 0.35 0.35 0.015 0.10
AMS 5663 SAE 4.75-5.50 0.65-1.15 0.20-0.80 0.006 mux 0.08 max 0.35 0.35 0.015 0.10
AMS 5664 SAE 4.75-5.50 0.65-1.15 0.20-0.80 0.006 max 0.08 max 0.35 0.35 0.015 0.10
ACC-44152 Aerojet-General4.75-5.5 0.65-1.42 0.10-0.80 0.001-0.5i0 0.10 max 0.45 0.45 0.015 0.30
EMS 580F Af{Research 4.75-5.50 0.7-1.4 0.2-0.7 0.006 max 0.08 max 0.45 0.40 0.015 0.30
Manufacturing
Company
EMS S81D AiResearch 4.75-5.50 0.7-1.4 0.2-0.8 0.006 mar 0.08 max 0.45 0.40 0.015 0.30
Manufacturing
Company
B50T69-S6 GCenercl Elec- 4.75-5.50 0.70-1.40 $.20-0.80 0.002-0.010 0.10 max 0.45 0.35 0.03 0.75
tric Company,
Large Jet
Engine Department
CSO0T79(S1)  Ceneral Elec- 5.00-5.50 0.65-1.15 0.40-0.80 0.002-0.010 0.10 mex 0.40 0.35 0.03  --
tric Company,
Large Jet
Engine Department
RB0170-1C1 North American 5.00-5.50 0.85-1.15 0.40-0.70 0.006 max 0.06 max 0.35 0.35 0.015 0.30
Aviation-
Rocketdyne
RBO170-038"E"North American 4.75-5.50 0,70-1.40 0.20-C.80 0.006 0.10 max 0.45 0.40 0.015 0.30
Aviation-
Rocketdyne
RBO170-039 North American 4.75-5.50 0.65-1.15 0.35-0.85 0.006 max 0.03-0.10 0.45 0.40 0.015 0.15
Aviation-
Rocketdyne
PHA 1009-C  Pratt and $.00-5.350 0.65-1.15 0.40-0.30 0.006 max 0.03-0.10 0.35 0.35 0.015 0.10
Uhitney
Alrcraft
9-222(A) Solar 4$.75-5.50 0.70-1.2 9.20-0.80 0.001-0.007 0.03-0.10 0.45 0.35 0.015 0.30
9-221(A) Solar 4.75-5.50 0.70-1.2 0.20-0.80 0.001.0.007 0.03-0.10 0.45 0.35 0.015 0.30
(e)

Co, 1.00 max; N{ + Co, 50.00-55.00; Cr, 17.00-21.00; Mo, 2.80-3.)0; Fe, balance.
Ta ts listed fn RBO170-101 as 0.50 max and in 350769-56 as

When specified, P (o 0.01% maxioum.
1.00 sax.

In additiom to the elements shown {a the teble, all specifications call for the following:

-
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Reference

50031

51792

35290

61323

63618

63645
63742
63743

65177

h7499%

CYAS 1)

¢ rajance,

Lot

Chemical Compositions for Data Sheets in Section IV

NI

52.29
52.00
52.00

52.00

RAL,

52,43
53,38
59.70
51.45
53.45
§2.29
52,29
8?7.16
§2.,16
52.16
$2.00
54,00
$2.0)
SN2 nY
w2, 83

2,83

if not reported,

co

05
N6

«06

o1

.11
.ll
1

CR

(Composition not reported,’

18.A0
18.68
1,48

1h.68

i1R«59

10,41
18.92
1R.92
17.73
17.73
19,90
18,40
19.24
19.24
19,26
19.00
19.00
18,78
Im, 7R
I8

l..,‘

MO

3.12
3.97
3.07

3.07

3.07

FE*

1R.84
19.1¢
19.16

19,16

1R.95

17.36
17.34
18,96
18.96
18,84
18,84
18,44
18.40¢

18,46

Chemical Composition

c

04
N4

o0&

.0‘

Qb

«08
208

«0S
05

« 05

o0&
«03
«03
<03
+08
R
«03
«0J
2013

«03

«0n2
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1 List of Symbols D

Sysbol Description

A
e e e gy St S - 5 e S

(Pey) Tensile ultimate strength ‘
(Fey) Tensile yield stremgth (0.2% offset) '
(Fc,) Cowpressive yield strength
(Pgy) Shear ultimate strength .
(Pyra) BSesring ultimate strength
(Pory) Besring yisld strength

Elongat fon

Modulus of slasticity in temsion

Modulus of elasticity im compression

Modulus of elasticity in shear

Poisson's ratio

Density

Specific heat

Thermsl conductivity

Coefficient of tharwal expansion

—-

Famosropn-388333

Stress-concentration factor
K1e Critical stress-intemsity factor
e/ Edge/distance ratio (hearing data)

A Ratio of alternating stress "o mean stress a
(farigue)

[ | Ratio of usximm stress to minimm stress
(fatigue)

. Sywbols shown in parsotheses i{ndicate minimm values used in design.
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Data Basis for "Design" Propertics

Tables of "design’ mechanical and
physical properties in this document indicate a
coded basis for the v~lues presented therein.

This codc employs the letters A, B, and S, which
are defined below, together with explanatory foot-
notes as required. The data basis indicated by
this code is applicable to the following proper-
Fics: Ftur.th: Fcy' Fsu-.Fbru' Fbry' and e. It
1s not applicable to elastic or physical proper.
ties (E, E;, G, v, w, C, K, and «), which are
average properties, nor is a data basis applicable
to individual test data, averages, or plots of
these data.

The use of a data basis, together with
the designation of data as ''design properties”,
implies that the data have been reduced in some
manner to minimum values, defined as follows:

A basis. The A mechanical-property value
is the value above which at least 99 per-
cent of the population of values is ex-
pected to fall, with a confidence of 95
percent.

t basis, The B mechanical-property value
is the value above which at least 90 per-
cent of the population of values is ex-
pected to fall, with a confidence of 95
percent.

S basis., The S mechanical-property value
is the minimuse value specified by the
Fedcral Specification, Military Speci-
fication, or SAE Acrospace Material
Specification listed for the matcrial.
For certain products hcat-treated by the
user, the S value may reflect a specified
quality-control requircment.

Usually, only Fg, and Fe, in a specified
testing dircction are determined’ in such manner
that they cen be termed A or B values, in accor-
dance with the definitions given asbove. Like-
wisc, usually only F. ., Fry, and ¢ are specified
in the governing specifications and can be termed
S values. However, ratioing proccdures have been
established by mcans of which other property

values for Ftu and Fty' and the sime basis s used.

A more detailed description of data bases
and the computational proccdurcs uscd to deter-
aine design values is presented in APML-TR-66-386
"MIL-HDBK-5 Guidelines for the Prescntation of
Lata" (Februvsry 1987),

Constant-Life Diagrams (fatigue)

Fatigue-test data in this document are
presented either in stress-lifetime (S-N) tables
or curves or in constant-lifc diagrams, depending
on the type of data that are available. Since the
latter are not familiar to many rcaders, a bricf
description of their constructien and usc may be
helpful.

Each constant-lifc diagram represcnts a
composite, or "cross-plotting”, of related S-N
curves for several stress ratios. Initially,

v-11

stress-lifetime data? are plotted as stress (usually
maximum stress) versus lifetime (number of cycles,
logarithmiz scale). Individual plots arc usually
made for cach set of test conditions (stress ratio,
notch acuity, testing temperature) and product
(product form, heat treatment, etc.). In addition,
tensile data (at temperatures below that at which
creep is significant) and creep-rupture data (at
elcvated temperatures) are employesd as ''fatigue"
data for the limiting case where alternating stress
is zero (A =0, R=1).

Within each plot a smooth curve is drawn to
represent the mean of the plotted data. Then,
from each related curve, differing only in stress
ratio, stresses are sclected corresponding to one
or more arbitrary lifetimes. By convention, these
lifetimes are in powers of 10 cycles (that is,
103, 104, etc)b; within the temperature ringe at
which creep occurs, the corresponding duration in
hours is usually indicated parenthetically (dur-
ation = number of cycles/frequency).

On & constant-life diagram, these points
are rcplotted, and smooth curves arc drawn through
the plotted points representing each lifetime.

The format used for thesc diagrams is that
approved for usc in Military Handbook 5. It repre-
sents a modifiecd Goodman diagram, which has been
rotated 45 degrees to permit horizontal and vertical
scaling of maximum and minimum stress, respectively.
Diagonal scaling is employed for alternating and
mean stress, and different stress ratios are indi-

cated by a scries of straight lines radiating from
the origin.

This diagram may he used in many ways.
For example, to determine the maximum stress
corresponding to a specified lifetime and stress
ratio, onc would find the intersection of the
lifetime curve and the stress-ratio radian, then
read the coordinates of this intercept on the
maximum-stress scale on the left margin of the
plot.

A more detailed description of constant-
life diagrams may be found in AFML-TR-66-386,
"MIL-HDBK-5 Cuidclines for the Presentation
of Data” (February 19¢7).

8 Thy term "Jifetime” may be applicd cither to

Tupture, the attainment of 0.2 percent plastic
strain, or other life criteria as desired.

Within the lower temperaturc range, tersilc data
are presumed to be time-indepencent and a single
value (TUS or TYS) is used for all lifetimes.
Creep-rupture data are first converted to equiva-
Ient number of cycles at the frequency cmployed
in conducting the fatiguc tests (number of cvcles,
n = time/frequency). ’
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